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Flexible Shafts 
Eliminate 


Unnecessary 


One manufacturer used flexible shafts to re- 
place 35 parts in a Hydraulic Power System 

.. cut costs by 90%. Four flexible shafts re- 
placed a 35-part remote-control system... 
simplified design . . . made assembly easier 
... eliminated alignment problems .. . im- 
proved performance! 


This is only one of hundreds of remote con- 
trol and power drive problems these quality 


flexible shafts are solving in every industry 
today. Can S.S. White flexible shafts help im- 
prove your product? Perhaps make it lighter 
in weight ... cut production costs... elimi- 
nate unnecessary parts? 

If you'd like to know more about flexible 


shafts, the advice of our engineers costs you 
nothing. Just write to 


S. S. White Industrial Division, Dept, 4, 10 East 40th Street, New York 16, N. Y. 
Western Office: 1839 West Pico Bivd., Los Angeles 6, Calif. 
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Useful data on how to select 
and apply flexible shafts! 
Write for Bulletin 5601. 
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What can you learn from 


GOODYEAR INDUSTRIAL PRODUCTS 


@)-Specified 
Typical “Light Latch" Gasket — 


Cross Sections 


the “Light Latch” Gasket Story? 


Here was a problem facing the entire appliance 
industry—how to prevent the tragedy of 
curious children becoming entrapped in idle 
refrigerators. 


The solution lay in designing a door that could 
be easily pushed open from the inside. Though 
low pressure latches were available, they 
wouldn’t work against the husky viny] gaskets 
then being turned out. A gasket was needed 
that would seal the full perimeter of the door 
under a fraction of the former pressure, as 
well as lasting the life of the machine. 


Finally a leading manufacturer turned the 
problem over to the G.T.M.—Goodyear Tech- 


MOLDED AND EXTRUDED PLASTICS by 


nical Man. Immediately a corps of designers 
and compounders set to work and, in surpris- 
ingly short time, had the answer. Result : Most 
of the leading refrigerator manufacturers buy 
their “light latch” gaskets—designed and 
compounded to their own particular needs— 
from Goodyear. 


The moral of the story: For complete product 
design, expert mold and custom compounding, 
backed by the facilities and x#ople to turn out 
quantities of quality molded or extruded plas- 
tic parts on “spec” and on time, see the G.T. M. 
or write Goodyear, Industrial Products 
Division, St. Marys, Ohio, Los Angeles 54, 
California, or Akron 16, Ohio. 


GOOD*YEAR 


THE GREATEST NAME IN RUBBER 
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24% savings in finishing costs and better forming with Founbrite 


pare DESIGN and a rich luster fin- 
ish are the main sales features 
of the quality brassware manufac- 
tured by Coronet Brass, Incorpo- 
rated, New York City. 

‘ Coronet’s finishing operations, 
therefore, are of primary impor- 
tance. Hearing about the outstand- 
ing polishing characteristics of 
Formbrite®, Anaconda’s superfine- 
grain drawing brass, the company 
placed a trial order. The planter, 
jardiniere, and “leather-on-brass” 
waste basket shown above were 
among the first products made of 
Formbrite. 

After several months of opera- 
tion, Mr. Maurice Schulman, owner 
of Coronet Brass, summarized the 
company’s experience with Form- 
brite as follows: 
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1. “We estimate that there is a 
saving of approximately 24% in 
our initial cutting operation, which 
represents about three-quarters of 
the complete finishing operation 
for our brassware. 

2. “We further estimate that 
there is an approximately 20% dif- 
ference in the color-buffing opera- 
tion—the final step before the brass 
is lacquered. 


Superfine-grain drawing brass 


on ANACONDA’ product 
made by 
The American Brass Company 


Circle 406 on Page 19 


3. “We have found that, on a 
small beading operation performed 
on one of our items, there is a time 
saving of about 50% due to the fact 
that Formbrite does not wrinkle as 
does regular brass in our automatic 
beading machine. The operation 
used to call for extreme vigilance, 
wasted much time. Now this sub- 
stantial saving is possible because 
of Formbrite’s springiness.” 


Find out for yourself. Formbrite is a 
premium product, yet it doesn’t cost a 
penny more than ordinary drawing brass. 
Try it and see for yourself how its super- 
fine grain, excellent drawing properties, 
strength, and scratch resistance can help 
you cut costs and make a better product. 
Get a sample or a trial batch. See your 
American Brass representative or write: 
The American Brass Company, Waterbury 
20, Conn. In Canada: Anaconda American 
Brass Ltd., New Toronto, Ont., Canada. 
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Sputnik and Muttnik 
Passes Seen Here 


Huge Radar Pinpoints 
Satellite Positions 


LEXINGTON, MAss. — A powerful, 
long-range radar has been detect- 
ing the Russian satellites, Sputniks 
I and Il, at remote distances from 
Millstone Hill in Westford, Mass. 
Completion of the high-powered 
radar was made public by Lincoln 
Laboratory of the Massachusetts 
Institute of Technology only after 
it had been used to observe the 
satellites. Partly as a result of 
radar sightings, the orbit charac- 
teristics of the Sputnik satellites 
have been determired with con- 
siderable accuracy. 

From observations of Sputnik I, 
measurements of range, elevation, 
bearing, and Doppler frequency 
were made. Height of Sputnik II, 
when first observed, was 152 mi. 

Designed primarily for the study 
of problems in missile defense, the 
Millstone radar will provide valu- 
able information on the operation 
and applications of high-power, 
long range radar; also assist re- 
search of the radio effects of me- 
teors and the aurora. Designed 
especially for the radar and its 
associated equipment is a transis- 
torized digital computer, as well as 
high-power klystron tubes, 11 ft 
high, that provide the transmitting 
power. 

The antenna system consists of 
a parabolic reflector, 84 ft in diam, 
mounted on a tower 90 ft high. 
The rotating portion weighs 90 
tons. Antenna can sweep sky with 
horizontal rotation of 360 deg, 
vertical elevation of 90 deg. 

Minute bending of the antenna 
tower caused by uneven heating 
by the sun was outside tolerance. 
Bending was minimized by paint- 
ing to the strength and rigidity of 
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Tender for Offshore Drilling 
Is Self-Contained Operation 


Up-To-Date Ship 
Is Offshore Workhorse 


BEAUMONT, TEX.—A new tender for 
offshore drilling platforms boasts 
seaworthiness of a conventional 
ship as well as a helicopter deck, 
electrical and machine shops, air 
conditioned living quarters for 58, 
and a large revolving crane. Built 
by the New York Shipbuilding 
Corp., the Howard 8. Cole Jr. has 
recently been commissioned by the 
Coastal Marine Drilling and Con- 
struction Corp. 

Target for design was a com- 
pletely self-contained tender, pro- 
viding its own propulsion power. 
The new ship is capable of trans- 
porting and storing drilling mud, 
cement, drill pipe, and fresh water. 

The Texas deck of the after su- 
perstructure forms a 56 by 60 ft 
helicopter deck complete’ with 
safety net and is lighted in ac- 
cordance with CAA requirements. 

Mounted on the main deck for- 
ward is a large revolving crane, 
equipped with air controls. Through 
the use of a specially designed 
swing motor and control system, 
the crane is capable of swinging in 
a 6-deg uphill or downhill list con- 
dition. 

The crane has adequate capacity 
to erect the drilling platform 


Aboard offshore drilling platform tender, four heavy duty agitators mounted 
in the mud tanks provide the means of building up mud weight quickly 
in an emergency. Tender storage capacities are 5000 sacks of bulk mud, 1800 
barrels of liquid mud, 2500 sacks of bulk cement, 12,500 barrels of drilling 
water, and 500 barrels of drinking water. 


foundation, drive the necessary pil- 
ing to anchor it, and to erect the 
drilling structure and heavy drill- 
ing machinery. The crane is used 
also to handle casing, mud, ce- 
ment, drill pipe, and supplies nec- 
essary in the support of an off- 
shore drilling operation. 


Of all-welded construction, offshore drilling platform tender is 272 ft long 
with a beam of 56 ft and is 22 ft deep. Tender has main deck and one com- 
plete lower deck, a raked stem and modified cruiser stern. 
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Magnetic Flux Turns Corners 
With Ease in New Metal 


Silicon Iron Crystallinity 
Permits Right-Angle Paths 


PITTSBURGH—Crystal arrangement 
in a new magnetic steel permits 
metal to be magnetized along either 
of two axes. According to Westing- 
house engineers, this permits mag- 
netic flux to ‘“‘turn corners’ read- 
ily. 

Conventional steel now used in 
magnetic cores is singly oriented. 
It can be easily magnetized along 
one axis only, the direction of steel 





Front Cover 


“The little gear who wasn’t there” 
might be the subject of artist George 
Farnsworth’s front cover. Faced with 
the problem of typifying stamped 
gears, George decided to skip the 
gear entirely and concentrate on 
what's left after the gears are blanked 
out. You'll find the gears themselves 
on Page 161. 
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From Oilgear Application-Engineering Files 
HOW OILGEAR 'ANY-SPEED’ DRIVES BOOST VENEER CLIPPING SPEEDS—ACCURACY 
CUSTOMER: Coe Machinery Company, Painesville, Ohio 


DATA: For high-speed, accurate sizing of single sheets 
of veneer in motion, table feed drives for new veneer 
clippers must be instantly, infinitely variable, and in- 
’ stantly reversible to clear slips and jams at the knife 
if ragged or defective veneer is encountered. Complete 







SOLUTION: Shown ‘above as standard equipment on 
Coe’s new Model 346 high-speed veneer clippers are 
Oilgear heavy-duty DHC-88, two-way, Any-Speed 
Transmissions. Coe reports, ‘“‘Variable table speeds are 
instantaneously afforded in forward and reverse. These 
drives are arranged to give belt speeds from approxi- 
mately 70 to 175 fpm by movement of a single lever. 
The quick stop and reverse of this drive is very desir- 
able if ragged or defective veneer slips and jams at the 
knife. This drive is equally desirable when the table 
drive is used to unload veneer storage decks between 
the clipper and the lathe.” Oilgear Any-Speed Drives 
bring out the best in machines due to the many other 
“plus” features such as: cushioned power; automatic 
overload protection; automatic electric power conserva- 
tion; totally sealed—safe in hazardous atmospheres; 
constant torque; automatically self-lubricated to insure 
long, trouble-free life. 




















Please direct inquiries to advertiser, mentioning MACHINE DESIGN 


control should be through a remote, single lever. Drive 
must be rugged, compact, trouble-free . . . provide 
smooth, stepless, shock-free, uniform acceleration and 
deceleration from zero to maximum in either direction 

.. easy to install and maintain. 





The fastest clipper available today—Coe’s 
new Model 346 High-Speed Veneer Clip- 
per. Up to 600 accurate clipping strokes 
per minute ... table speeds over 100 fpm 
—instantly variable, reversible. 


Machinery manufacturers and users agree that for superior 
heavy-duty performance on sawmill carriages, gang-saw feeds, 
conveyors, capstans, winders, centrifuges, textile, paper, tape, 


rubber, and food processing equipment —it’s Oilgear . . . for the 


lowest cost per year! 


For similar practical solutions to YOUR linear or rotary drive and 
control problems, call the factory-trained Oilgear Application- 
Engineer in your vicinity. Or write, stating your specific require- 
ments directly to... 


THE OILGEAR COMPANY 


Application-Engineered Fluid Power Systems 
1568 WEST PIERCE STREET - MILWAUKEE 4, WISCONSIN 






FEED TABLI : 
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LONG AND SHORT aluminum cans are produced by new deep draw proc- 
ess. Seamless, one-piece can bodies are drawn in single stroke on double-end 
horizontal presses at Kaiser Aluminum’s container plant. Wall thickness of 
rigid cans can be as thin as 0.005 in.; light weight reduces shipping costs. 
Naturally bright cans are used for packing foods and industrial products. 


rolling during manufacture. Hence, 
for best magnetic characteristics, 
the core is built up of straight 
strips of metal laid at right angles 
into a rectangular shape. 

With the new material, L, E, U- 
shaped, or even rectangular punch- 
ings can be stamped from a sheet 
of steel in one operation. Besides 
improving the magnetic path, this 
simplifies core construction. 

Called Cubex steel, the new met- 
al has about the same chemical 
composition as the standard mag- 
netic material—about 3 per cent 
silicon, 97 per cent iron. The real 
difference between old and new 
comes from steel processing from 
rough sheet into the final product. 
The process for producing Cubex 
steel has been demonstrated to be 
operative in sheets thick enough 
for use in large transformers and 
motors. 

Westinghouse engineers, how- 
ever, emphasize that, thick or thin, 
Cubex steel has not yet graduated 
from the laboratory. Uses requir- 
ing only thin sheet are expected 
to be first commercial applications, 
possibly within a few months. 
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System Sends Computer Data 
Over Conventional Voice Line 


CHIcAco — A 40-channel system 
transmits computer information by 
wire or radio. The system, devel- 
oped by the Collins Radio Co., is 
designed for reliability and effi- 
cient use of bandwidth. 

Called “Kineplex,” it is described 
as a data transmission system 
which will operate in a single tele- 
phone voice band of standard qual- 
ity. It will accept at its input, with 
suitable conversion, binary data 
from any source. The system is 
designed to accept 40 channels of 
60, 75, or 100-word-per-minute 
telegraph data or, with accessory 
converting equipment, data from 
standard business machine cards 
at a rate of 200 cards per minute, 
or binary data from high-speed 
magnetic tapes not to exceed 3000 
bits per second. 

Laboratory tests conducted over 
both radio and wire circuits have 
shown the system to be tolerant 
to most commonly encountered 
transmission distortion and noise. 





Topics 


Two and one-half billion electric 
light sources of more than 10,000 
types and sizes will be made by 
the lamp industry in the U. S. 
this year, according to Donald L. 
Millham, GE Lamp Div. vice presi- 
dent and general manager. The 
production exceeds output during 
the first 30 years after Edison de- 
veloped the light bulb. 


Cleverer, these Chinese—engi- 
neers in Communist China claim 
to have developed the ability to 
produce major engineering feats 
without Soviet assistance. The 
country has 800,000 engineers and 
technicians, compared with 170,000 
in 1952. 


e ee 
Dizzy Canadian robot reveals 
sensations of a man under ex- 
treme accelerations and simultane- 
ous complex motions of different 
types. An apparatus consisting of 
an assembly of miniature gyro- 
scopes, each about the size of a 
spool of thread, attaches to the 
head and provides information on 
the subject’s equilibrium, his idea 
of where he is, and where he 
thinks he’s going. Study was car- 
ried out by Dr. W. H. Johnson 
of the Defense Research Medical 
Laboratories, Toronto. 


Detecting heart beat in an un- 
conscious, pulseless person is pos- 
sible with a small, portable device 
called a cardiac monitor. It uses 
transistors, is battery-operated, 
and provides a continuous, in- 
stantaneous visual monitoring of 
heart rate and rhythm. 


Nuclear nomenclature applied 
to the first atomic-powered U. S. 
merchant ship results in the des- 
ignation NS Savannah, NS for nu- 
clear ship in place of SS for 
steamship. The NS Savannah is 
the namesake of the SS Savannah, 
first steamship to cross the At- 
lantic. 

e ee @ 

First vertical oxygen storage 
tubes have been installed by Air 
Products Inc. for Granite City 
Steel Co., Granite City, Ill. The 
storage bank, made up of 30 tubes 
which stand 80 ft above the 
ground, holds 125,000 standard cu- 
bic feet of 99.5 per cent pure oxy- 
gen stored under 450 psi pressure. 


Circle 408 on Page 19> 
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Engineer Shortage Measured, Remedies Posed 


Is There a Shortage? 
Report Says “Yes” 


Facts Show Engineers 
Dynamic Force in Economy 


NEw YorkK—Has there been, is 
there now, and will there be a 
shortage of engineering manpower? 
According to a just-published re- 
search report, the answer is a re- 
sounding “yes.” 

Since 1880, the report prepared 
by Deutsch & Shea Inc. for Indus- 


Non- 
Graduates 


25% | 
\\ea® 


Engineering 
Graduates 
64% 





Entrants to the engineering field 
averaged about 46,000 every year 
for the period 1950-1957 for a total 
of 321,600. This total includes new 
engineering graduates, estimated at 
204,800, approximately 79,400 with- 
out college degrees, some 22,000 
graduates with degrees in other 
fields who are able to apply their 
training to engineering, and about 
15,400 former engineers working in 
other fields who returned to their 
profession. 


trial Relations Newsletter Inc. 
shows, the size of the engineer la- 
bor force has increased more than 
20 times as fast as the total civil- 
ian labor force. From 1950 to 
1957, the pattern of growth was 
marked by three distinct factors: 
First, total expenditures for re- 
search and development increased 
from $2.9 billion in 1950 to $6.5 bil- 
lion in 1956. Second, total expendi- 
tures for new plants and equipment 
rose abruptly with a larger share 
of these expenses being chan- 
neled to introduce new products 
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Society Says Engineering 
Shortage Is, Isn't Too 


Lays Down Seven Points 
To Clear Conflict in Views 


WASHINGTON — Recent develop- 
ments have provided fresh evidence 
for those who contend that there 
is a severe shortage of engineering 
and scientific personnel and, at 
the same time, for those who main- 
tain that there is not a shortage. 

The National Society of Profes- 
sional Engineers has observed and 
studied various statements, reports, 
and analyses. Here quoted is part 
of the NSPE statement: 

1. Special action to increase today’s 
supply of engineers is not considered 
necessary or desirable since engineer- 
ing enrollments are at an all-time 
high and are continuing to increase. 

2. An _ artificial stimulation to 
further increase enrollments in engi- 
neering will severely handicap insti- 
tutions that devote adequate attention 
to the capable students. 

3. Assumption that Russia launched 
the earth satellite before the United 
States solely because it had trained 
more scientific personnel in recent 
years than this country, we believe 
is not valid and could lead to unwise 
and damaging decisions. We be- 
lieve it would be more logical to 
assume that the controlling factors 
were priorities assigned to money 
and emphasis, rather than a shortage 


of technical personnel in the U. S. 


4. Emphasis now more than ever 
should be placed on quality rather 
than quantity. Potential engineers 
should be better grounded in funda- 
mentals when they enter the engi- 
neering educational program and 
should be better informed as to the 
qualifications essential for an individ- 
ual to become a successful engineer. 


5. In view of the present limita- 
tions of facilities and faculties, the 
substantially increased enrollments in 
our engineering institutions are caus- 
ing serious difficulties at the pres- 
ent time. Any program which will 
substantially add to the present num- 
ber of students must include means 
to resolve these limiting factors. 


6. It should be emphasized that 
projects such as the earth satellite, 
guided missiles, etc., depend on highly 
advanced technology—a mere _ in- 
crease in numbers of those with first 
degrees will not provide the type of 
highly advanced technical knowledge 
which is necessary. It should also 
be noted that any program based on 
present needs will not succeed in 
solving today’s technological prob- 
lems. A program starting today will 
not produce a single highly qualified 
engineer or scientist for at least six 
years. 


7. Experience has shown that we 
have wasted engineering talent by 
using it at a level below that which 
it is capable of performing. Im- 
proved utilization of engineering tal- 
ent can do more for an immediate 
need than any other single program. 





and processes. Third, the increase 
in capital investment was much 
greater in industries that are the 
primary employers of engineers. 
Those industries that employ large 
numbers of engineers expanded 
considerably more than the econ- 
omy as a whole. 


The National Science Foundation 
in an independent survey of in- 
dustry’s needs in the scientific 
field reported, “A sizable number 
of firms said they had been forced 
to curtail projected increases in 
their research and development 
programs because of the lack of 
qualified personnel.” 


In the distribution of the major 
engineering groups among specific 
industries, five of the eight major 
groups of engineers are largely em- 
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Engineering Total 
Employment Employment 


Increase in the engineering profes- 
sion compared with increase of the 
labor force as a whole, 1950—1957. 


MACHINE DESIGN 





BARNES 


HYDRAULIC 
POWER UNITS 


The various elements — supported by 
the units — are so arranged as to allow 
INDEPENDENT SERVICING by elec- 

tricians, hydraulic servicemen, fixture 


servicemen, tool makers, etc. 


THE RHYTHM OF 


depicting 
AUTOMATIC 
MASS 
PRODUCTION 
TECHNIQUES 


YOUR COPY IS READY! 
Request it on your company letterhead. 
Act Now! 


Also Available — 


A full color 16mm. film 
“THE RHYTHM OF PRODUCTION” 


Write and reserve a date for this movie. 











JOHN S. BARNES CORPORATION 


301 SOUTH WATER STREET ROCKFORD, ILLINOIS 


Copyright, 1957, John S. Barnes Corporation 
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Manufacturing 
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Wage Earners 


Engineers’ starting salaries from 
1950 to 1957 increased more than 
four times as much as the cost of 
living; significantly more than sal- 
aries of other workers. Because sal- 
aries of other occupations are to 
some extent administered upward 
and salaries of engineers are not, 
it seems that the shortage of engi- 
neers was even more substantial 
than the salary figures indicate. 


ployed in one or two industries. 
This suggests that demand for 
these groups of engineers depends 
not only upon general conditions 
throughout the economy, but also 
upon current conditions in these 
particular industries. 

During the period 1950 to 1957, 
the largest increases in expendi- 
tures for research and development 
and expenditures for new plants 
and equipment occurred in the air- 
craft, electrical equipment, and 
electric utilities industries. Other 
substantial increases occurred in 
the nonelectrical machinery, pri- 
mary metals, and chemical indus- 
tries. 

It seems clear that the accessions 
of college graduates between 1957 
and 1960 will not satisfy the total 
demand for engineers from 1957 
to 1960. The gap between the de- 
mand for engineers and the supply 
of college graduates to the engi- 
neering profession will continue to 
be filled by men partly trained to 
fill engineering jobs. In high skill 
areas, shortages of trained men 
will either not be filled at all or 
will be filled by the employment of 
graduate engineers with only par- 
tial knowledge of the particular in- 
dustrial field. In less skilled areas, 
the excess of demand over supply 
will doubtless be met by the em- 
ployment of men without college 
degrees. 
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Prototype power vehicle and “wheel mover” units transmitted driving power 
directly to B-52 landing gear with brakes set to simulate aircraft. The 
wheel moving hydraulic motor here is in process of being attached to a 
ring gear on the shoe of a landing gear wheel. The V-bar leading off 
right is a torque reactor attaching to hub of landing gear rear wheel. 


Ground Movement of Giant Jets 
Promised by Wheel Mover Units 


Wheel Mover Plus Power Units 
Can Supply All Ground Needs 


STAMFORD, CONN. — Taxiing giant 
jet aircraft by moving its wheels 
to and from the loading gates of 
airport passenger terminals was 
simulated recently when a proto- 
type ‘wheel mover” propelled a 
B-52 landing gear with brakes set 
to equal weight load of the air- 
craft. The “wheel mover,” devel- 
oped by Consolidated Diesel Elec- 
tric Corp., transmitted torque di- 
rectly to wheel rims at speeds up 
to 5 mph against braking power 
to 200,090 lb of inert weight. 





Aircraft and power vehicle with 
wheel mover sets in place. 


Control of the speed and direc- 
tion of each wheel was maintained 
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TORRINGTON SPHERICAL 

ROLLER BEARINGS 
The Manitowoc 4500 Power 
Shovel is equipped with Tor- 
rington Spherical Roller Bear- 
ings in 7 critical heavy-duty, 
high-speed applications where 
they eliminate stress concen- 
trations and provide long 
service life. 


How to get a big lift 


Torrington Spherical Roller Bearings in critical positions on the Mani- 
towoc shovel help it handle tons of earth and rock with ease and speed! 

Accurate roller-to-race conformity and positive roller guidance of Tor- 
rington Spherical Roller Bearings insure long, trouble-free service. They 
are used on the swingshaft, PTO sprocket support, front drum main shaft, 
front and rear drums, countershaft, PTO pilot and vertical travelshaft. 
These self-aligning bearings insure smooth anti-friction operation and 
efficient transmission of power despite heavy radial and thrust loads, 
housing misalignment and shaft deflection. 

Wherever heavy-duty construction equipment is at work, Torrington 
Bearings are contributing to efficiency and long service life. The Torring- 
ton Company, South Bend 21, Ind.—and Torrington, Conn. 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 


SPHERICAL ROLLER ~- TAPERED ROLLER + CYLINDRICAL ROLLER - NEEDLE - BALL + NEEDLE ROLLERS + THRUST 
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by a small remote handset which 
in actual operation would be han- 
dled by the aircraft pilot. 

Towing devices have been tested 
and found wanting. Due to the 
great weight of new jets, towing 
places strain on the aircraft frame. 
Also, pilot had no control in 
ground movement of multimillion- 
dollar craft. 

The “wheel mover” units are 
planned for use with other ele- 
ments to make up a system of 
servicing the Boeing 707, Douglas 
DC-8, Convair 880, and Lockheed 
188 with pneumatic, electrical, and 
ground movement power. 


L 


AIRCRAFT ANTICOLLISION 
MIRROR, infrared sensitive, is be- 
ing tested at Aerojet-General Corp. 
System consists of a horizon scan- 
ner which protrudes from the air- 
craft and continuously sweeps 360 
deg of sky in azimuth and +7% 
deg in elevation. Incoming rays 
from engines of approaching air- 
craft are deflected downward 
through an optical system, and fo- 
cused on a photoconductor cell. 
From here, information is proc- 
essed, electrically amplified, and 
presented to the pilot on a visual 
indicator. CAA has _ reportedly 
claimed that 80 per cent of aircraft 
collisions —including last year’s 
Grand Canyon disaster—could have 
been prevented with a similar in- 
frared or electronic instrument. 
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Not a light bulb inside a coil of wire but metal, suspended in space and 
heated to molten temperature by effects of a radio field, is shown stirring 
itself. New process eliminates contamination in research on pure metals. 


Ultrapure Metals Yield 
To Snake Charmer’s Wiles 


Radio-Frequency Field 
Floats, Melts, Stirs Metals 


PITTSBURGH—Ultrapure metals are 
being prepared for laboratory 
study by heating them at 4500 
to 5000 F in half a minute or less 
while floating them in space, free 
from contact with container walls. 
Called levitation melting, the tech- 
nique was developed through com- 
bined efforts of scientists at the 
Westinghouse Research Laborato- 
ries and the University of British 
Columbia. 

Levitation melting is used to 
prepare highly purified laboratory- 
scale ingots of niobium, zirconium, 
titanium, molybdenum, and dozens 


of alloys. Compressed metal pow- 
der is placed inside a copper coil 
which carries a_ high-frequency 
electric current. The electric cur- 
rent generates a field of force 
which floats the metal inside the 
coil and at the same time, heats 
it to a white-hot molten mass. 
At white heat, metals such as 
niobium and titanium react chem- 
ically with any known vessel in 
which they are melted. Levita- 
tion melting eliminates this prob- 
lem entirely. No containing ves- 
sel is required, since the molten 
metal floats freely in space, con- 
fined only within itself. The whole 
process is carried out inside a 
sealed vessel containing an inert 
gas such as helium or argon, there- 
by protecting the pure metal from 
contamination by the air. The 


MACHINE DESIGN 





News Roundup 





molten metal reportedly even stirs 
itself, yielding unusually uniform 
alloys from mixtures of different 
metals. 


HANDFUL OF POWER — 40 Ib 
thrust, 1-second duration—is sup- 
plied by this midget, solid-propell- 
ant rocket motor. Designed by At- 
lantic Research Corp. to perform 
spin and retro functions on Van- 
guard, the unit is now available 
commercially. Weight is 0.6 Ib, 
length 4.8 in., diameter 1.5 in. Pos- 
sible applications include accelera- 
tion of small masses, packaged, fast- 
response thrust services, experiment- 
al rocket engineering. The motor 
has a shelf life of over three years; 
requires no assembly before use. 
Igniter is actuated bya 6-v dry cell. 


Study Radio Transmission for 
Vast Reaches of Outer Space 


Pave Way for Communication 
With Manned Space Ships 


SUNNYVALE, CALIF. — The prob- 
lems of sending and receiving 
space messages and identifying ob- 
jects far from earth are under 
study in a large, new space com- 
munications laboratory opened re- 
cently. Findings by more than 50 
Lockheed Missile System division 
scientists may well pave the way 
for communication with manned 
space ships of the future or for 
the remote guidance of unmanned 
space ships. 
(Please turn to Page 22) 
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Use of Liquidator makes it easy to erase large areas on POST pencil cloths without 


affecting the surface. 


Improve drawing board 
cleanliness for 
better prints 


Poor original drawings make poor prints. 
No matter how good the reproduction 
equipment, an original that is marred by 
graphite smears, has become spotted 
through frequent handling, or has been 
creased too often will produce a difficult- 
to-read print. 

The standards of drawing board clean- 
liness that a draftsman establishes for 
himself and the steps he takes to prevent 
smearing or spotting of his drawings are 
as important as his technical skills. 

There are two principal causes of 
poor prints. First are graphite smears. 
As straight edges, triangles, scales, etc., 
are moved over a drawing, dust and 
graphite particles begin to smudge and 
smear it. In addition when the drafts- 
man’s hands touch the drawing they 
often transfer body oils and tiny bits of 
dirt which affect reproducing quality. 


(1. to r.) POST Liquidator, POST Dry 
Cleaning Pad, POST Dust-It. 


Preventing smears 


The easiest way to eliminate smears and 
spots is to prevent them in the first 
place. Good clean drafting habits are all 
important. 

Probably the most important precau- 
tion to prevent smudging or spotting of 
drawings is to lightly sprinkle Post’s 


Dust-It over the surface before begin- 
ning work. Dust-It cleaning compound 
prevents dirty drawings (1) by picking 
up the dirt and (2) by cleaning drafting 
tools at the same time. It is free from 
gritty or abrasive substances and does 
not interfere with the draftsman’s work. 


Cleaning pads 


Should smudges occur they should be 
removed immediately—preferably with 
a Post dry cleaning pad. The pad con- 
tains a special compound which is sifted 
in a sprinkling manner through the pad 
over the area to be cleaned. Then, by 
rubbing very easily with the pad, graph- 
ite smudges disappear without damaging 
the drawing. 


Eradicating unwanted elements 


Care in removing unwanted elements is 
necessary to avoid marring the drawing 
surface of the paper or cloth. For users 
of Post’s popular pencii cloths, an ex- 
tremely simple and satisfactory method of 
eradicating is the use of Post Liquidator. 

Applied on POST cloths, Liquidator 
saves time and labor in erasing large 
areas. More important, it permits re- 
peated redrawing “good as new” over 
eradicated areas without change of pen- 
cil degrees. This assures identical line 
uniformity. 


For further information on these Post 
products see your Post dealer or write 
today to the Readers Service Division 
of Frederick Post Company, 3652 N. 
Avondale Avenue, Chicago 18, Illinois. 


SENSITIZED PAPERS & CLOTHS © TRACING & DRAWING MEDIUMS @¢ DRAWING INSTRUMENTS & SLIDE RULES 
ENGINEERING EQUIPMENT & DRAFTING SUPPLIES © FIELD EQUIPMENT & DRAFTING FURNITURE 


Circle 411 on Page 19 


15 





Lak. 
Evanston WW): - f; te P a 
chicago 


New Buffalo 


Michigan 


Moreson Lake 
Re 


am vy City 
4 FRed Key] 


g um aj theld | 
— Albany 


Menoniie V i 
= Nie Ae” lan aon “BY 


LF AUnion - 


City 
: MR wk 
Westvilie »SStor 


en) 


anu 


& D 


Rid ‘ v 
L's ay of 
nt . Rockville . Al / sf _ ; om y ef Centerville e35 : 

' * a Kn t * 
Chrisman . “Sand 2 ine 
i w Roy ms cmaay . Tagen Rizhmoddio aopA Eaton 
: “ : alr E és ye 
- ” . ; ~ t R Mite a) ‘5 


Arlingte 5 
2 1 Toshville ae 


ate 
Ps 


{ A heanite 
Hope: . : 1# 


This possibility is worth your consideration. Many of our best customers use us in 

this manner—as their gear department—with all of our facilities geared to their gear 
needs. Would you like to learn how successful these associations have been, and what 

a similar service might mean to you in terms of reduced costs and better gears? 


Our Sales people are gear engineers. Would you like to talk to one? Write us at 
Richmond, Indiana—gear headquarters for many of America’s leading industries. 


AUTOMOTIVE GEAR DIVISION 
MANUFACTURING COMPANY 
RICHMOND, INDIANA 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
R 
GEAR-MAKERS TO LEADING MANUFACTURERS 
Circle 412 on Page 19 
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Editorial and Advertising content classified by subject and listed by page num- 


ber for convenience when studying specific design problems. 


For further 


information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following page. 





Actuators, Edit. 126; Adv. 188, 244, 
277 


Adhesives, Adv. 88, 217 
Aluminum and alloys, Adv. 32, 38, 80, 
106, 209, 278 


Balls, Edit. 202; Adv. 196, 303 
Bearing materials, Adv. 80 
Bearings, ball, Edit. 133; Adv. 23, 73, 
92, 105, 211, 224 
linear motion, Adv. 275 
miniature, Adv. 29, 224 
needle, Adv. 187 
rod-end, Edit. 264; Adv. 228, 232 
roller, Edit. 133, 216; Adv. 13, 23, 
105, 111 
sleeve, Adv. 9, 89, 228, 292, 306 
Bellows, Edit. 194 
Belts, conveyor, Edit. 143 
Belts, transmission, Adv. 100, 191 
Blowers, Edit. 248; Adv. 72, 96, 200, 
248 
Books, Edit. 287 
Brakes, Edit. 262; Adv. 181, 234, 243, 
271 
Brass (see Copper and alloys) 
Bronze (see Copper and alloys) 
Brush holders, Adv. 306 
Brushes, commutator, Adv. 42 
Bushings, Adv. 42 
ball, Adv. 275 


Cables, coaxial, miniature, Edit. 194 
Cameras, high-speed, Adv. 267 
Capacitors, Edit. 228 
Caps, Adv. 231, 304 
Carbon and graphite parts, Adv. 270 
Castings, die, Adv. 112, 116, 266 
iron, Edit. 154; Adv. 118, 190, 202 
nonferrous, Adv. 214, 292 
shell-molded, Adv. 118 
Cells, conductivity, Edit. 233 
solar, silicon, Edit. 196 
Ceramoplastics, Edit. 211 
Chain, conveyor, Adv. 82, 290 
transmission, Adv. 82, 256, 290 
Circuit breakers, Edit. 146 
Clamps, Edit. 254; Adv. 310 
Classified ads, Adv. 312, 315 
Clutches, Edit. 219, 226; Adv. 52, 120, 
192, 210, 234, 243, 258, 271 
Coatings, protective, Adv. 299 
Cold heading, Adv. 44, 293 
Compressors, Adv. 274 
Computers, Edit. 8, 128 


Conduit, Adv. 60 
Connectors, electric, Edit. 244 
Contactors, Adv. 251 
Contacts, Edit. 208; Adv. 42 
Controls, automatic, Adv. 219, 294, 
304 
electric, Adv. 45, 
cover 
hydraulic, Adv. 66, 296 
pneumatic, Edit. 233; Adv. 1, 247, 
250, 311 
Copper and alloys, Adv. 4, 32, 80 
Corrosion inhibitor, Adv. 305 
Counters, Adv. 219, 254 
Couplings, shaft, Edit. 302; Adv. 223, 
238 


216, 251, back 


Creative potential, Edit. 159 
Cylinders, hydraulic, Edit. 240; Adv. 
31, 189, 198, 291 
pneumatic, Adv. 31, 189, 198 


Differentials, gear, Edit. 196 

Direct-current power supply, Edit. 275 

Drafting equipment, Edit. 268, 270, 
272, 275; Adv. 15, 21, 26, 33, 68, 
240, 285, 304, 308, 310, 311 

Drives, adjustable-speed, Adv. 7, 28, 
45, 83, 215, 233, 287 


Electric equipment (see specific type) 

Engineer shortage, Edit. 10 

Engineering department (see Man- 
agement or Drafting) 

Engines, Edit. 148; Adv. 90, 298 

Extrusion, Adv. 2, 263, 278 


Facilities, general, Adv. 34, 225 
Fasteners, Edit. 204; Adv. 227 
blind, Edit. 300; Adv. 67 
bolts, nuts, screws, Edit. 194, 211, 
222; Adv. 62, 67, 78, 85, 220, 229, 
236, 254, 262, 268, 272, 279, 281, 
283, 293, 300 
locking, Edit. 298; Adv. 74 
pin, Edit. 166; Adv. 308 
retaining rings, Adv. 239, 303 
rivet, Adv. 259, 279 
Felt, Adv. 308 
Fiber, Adv. 197, 286 
Filters, Edit. 22; Adv. 66, 242, 311 
Finishes (see Coatings) 
Fittings, pipe, tube and hose, Adv. 97 
Flow meter, Edit. 200 
Forgings, Adv. 80, 209 
Friction materials, Adv. 58 


Gages, pressure, etc. (see also In- 
struments), Adv. 311 
Gaskets, Adv. 2, 237 
Gears, Edit. 206, 242, Adv. 16, 248, 
282, 284, 288, 306 
stamped, Edit. 161 
Generators, electric, Edit. 240; Adv. 


208 
Glass, Adv. 222 


Handles, Edit. 226 

Heads, steel, Adv. 255 

Heaters, Adv. 270 

Hose, metallic, Adv. 288, 307 

Hydraulic equipment (see _ specific 
type) 


Inductors, miniature, Edit. 200 
Instruments, Edit. 270; Adv. 302 
Insulation, Edit. 143; Adv. 193 


Jacks, worm gear, Adv. 244 


Latches, Edit. 238; Adv. 74 

Lubricants, Adv. 299 

Lubrication equipment, Adv. 228, 
311, inside back cover 


Machines (see specific type) 
Magnets, Edit. 6; Adv. 226 
a engineering, Edit. 25, 
12 
Meetings, Edit. 44 
Metals (see also specific type) 
Metals, Edit. 14, 202; Adv. 295, 308 
Motors, electric: 
fractional and integral hp, Edit. 
198, 211, 253; Adv. 45, 108, “54, 
195, 198, 208, 212, 260, 269, 289, 
297, 309, 316 
gearmotors, Adv. 45, 86, 215, 216, 
297, 309 
subfractional hp, Adv. 248 
Motors, hydraulic, Adv. 49, 201 
torque, Adv. 316 
Mountings, vibration and shock, Edit. 
300; Adv. 265, 306 


Nameplates, Edit. 127 


Packings, Adv. 79, 84, 309 

Pads, toggle, Edit. 248 

Pipe, Adv. 76 

Plastics, Edit. 175, 254; Adv. 43, 94, 
273, 286 

Plastics molding, Adv. 2 

Plug buttons, Adv. 103 

Plugs, Adv. 231, 304 

Pneumatic equipment 
type) 

Potentiometers, Edit. 211 

Powder metallurgy, Adv. 9, 77, 89, 
116, 292 


(see specific 
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USE A YELLOW CARD 


Pulleys (see also Sheaves), Edit. 204 
Pumps, Edit. 208, 259; Adv. 37, 206 


hydraulic, Adv. 49, 93, 201 for More Information ae 


Radar, long-range, Edit. 5 

Radio, Edit. 15, 40 

gar Te ome gy a CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 

Rectifiers, Bait. "88 % ment carries an Item Number for use in requesting further information. 

ey gros —y a Adv. 86, All product descriptions, announcements and Helpful Literature items are 

Regulators, flow, Adv. 66 also numbered, and for greater convenience are indexed below by Item 
pressure, Adv. 69, 311 Numbers. 

Relays, poe 267; Adv. 36, 79, 

196, 203, 238, 251 4 “clip” this i 
Reliability, Edit. 182 EDITORIAL CLIPSHEETS—So you won't have to clip” this issue, 
Resistors, Adv. 245 we'll be glad to send a personal copy of any article as long as the 
Reynolds number, Edit. 173 sil 3 i i i 
Rings, welded, Adv. 257 supply lasts. Just fill in the page number and title of article in the 
Rubber, Adv. 217, 246 place provided on the Yellow Card. 

Rubber molding, Adv. 110, 115 





Scanners, photoelectric, Edit. 214 
Screws, power, Adv. 188, 277 


Seals, Bait, 216, 250; adv. st, 204, | Index to New Parts & Helpful Literature 


mechanical, Adv. 207 ' 
Servos, Edit. 270; Adv. 296 BY ITEM NUMBERS 
Shafts, flexible, Adv. inside front 
cover 
Sheaves (see also Pulleys), Adv. 53, HELPFUL LITERATURE— descriptions start on page 186 
191, 211, 307 
Silicones, Adv. 217, 246 


Slip ring assembly, Edit. 276 Coordinate Cathetometer Interval Timers 

Solenoids, Edit. 250 Tube & Bar Stock Electronics Facilities 

Splines, ball-bearing, Adv. 277 Nonferrous Castings .. «++ 653 Beryllium Oxide 

Springs, Adv. 50, 56, 280 Sprocket Chain .... : Electronic Connectors 
° ’ , 


Regulator Valves . . Solenoid Valves 
Sprockets, Adv. 82, 211, 256, 290 Stainless Steels . . Silicone Molding Compounds 
Starters, motor, Adv. 216, 251 Relay oy Differential Analyser 
i . Lubricator Hose Assemblies 
~~ 180, 244; Adv. 34, 102, 249, Heat Treating Steels Terminals & Connectors 
Ceramic Seal Material Sheet Packing 
stainless, Adv. 63, 199, 185 Hard-Facing Alloys Flow Regulators 
i i ¢ . Engines & Power Units ......se-+e0. Frequency Analysis 
ee ge yo — 246, 256; Adv. Arbors & Chucks .... ° Clamps & Fasteners 
’ ’ ow 4 Resolver . Small Lamp Sockets 
Systems, hydraulic, Adv. 11, 49 High Pressure Valve . : Fasteners 
neumati Adv. Centrifugal Fans ...... eee Plastics 
pusuemates, dv. 311 Silicone Rubber Sheets Servomotor-Rate Generator 
Fasteners & Small Parts Plastic Foam & Sponge Rubber ..... 
Temperature detector, Edit. 242 Aircraft Hose Assembly Hydraulic Fittings 
Tender, drilling-platform, Edit. 6 —— = 
Terminals, Adv. 310 


Thermistors, Edit. 178 NEW PARTS & ENGINEERING EQUIPMENT — cescriptions start on page 194 


Timers, Edit. 219, 246, 262; Adv. 64, 
196 

—_—= gay Edit. 132, 142, Speed-Reducing Apparatus . . Conductivity Cell 

Titanium and alloys, Adv. 199 ee ee ; pita ag ~oo dana 

’ . nenor u . r-Tig 

Torque converters aay 230 Miniature ae Cable see Silicon Fg > Pima 
: ‘ . All-Gl v Hyd i ylinder 

Train, rubber-tired, Edit. 144 Concentric-Shaft Differential Motor-Generator Sets 

Transducers, Edit. 36, 259, 272 Silicon Solar Cells Antibacklash Gears 

Transistors, Edit. 33, 253 Lock Washer Thermal Ribbons 


Renal : : Instant-Reversing Motors . oe O-Ring Compound 
Transmissions, adjustable-speed, Edit. Miniature Teiaeers te an ‘Test-Point Jacks 


213; Adv. 233, 246, 301, 309 Flow Meter ° Miniature Bell Timer 
Triodes, industrial, Edit. 264 High-Strength Met. . Air-Pressure Switches 


Tubing, Edit. 206, 228; Adv. 76, 97, ony - Byeeetettttons sit 

276, 305 Captive Fastener Industrial Solenoids 

Miniature Gears 06 Reciprocating-Shaft Seal 
Sey ‘ ; Teflon Tubing Footless Motor 

Universal joints, Edit. 302 Printed-Circuit Contacts . . Silicon Transistors 

Miniature Pump . Thermoplastic Material 


Vacuum producers Adv. 200 — — oe Cable — 
a , : - nduction Motor . Pipe Plugs 
Valves, Edit. 194, 216, 222, 298; Adv. Ceramoplastic Subminiature Switch 
41, 117, 241, 305, 307, 310 Black Nylon Screws Temperature Transducer 
hydraulic, Adv. 49, 66, 296 Meter-Relay Rotary Pump 


: : ‘. Dd Photoelectric Scanners Multi-Circuit Timers 
pneumatic, Edit. 233; Adv. 1, 75, Shuttle Valve Magnetic Brake 


250 Synthetic Seal sate Rod-End Bearings 
Vehicle, mechanics of, Edit. 148 Adjustable wpe acrseey ees ee Industrial Triode 
: : : : : Elapsed-Time Indicator . ° Magnetic Relay 
Viscosity, kinematic, Edit. 173 Alignment Bolts oo Drafting Instrument .. 
Vacuum Valve ee X-Y Plotter 
- " Snap-Action Switch Heavy-Duty Divider 
Washers, Adv. 89 Adjustable Torque Handle Servo-System Analyzer 
lock, Edit. 198; Adv. 85, 205 Small Clutch . E Me an - 
ol j Silica Glass Tubing ressure Transducer 
bree Aagnges aon he eg ty Electrolytic Capacitors ...........+++ Vertical File 
eighing equipment, Vv. Multispeed Transmissions DC Power Supply 
Welding, Edit. 180 Nonreset Counters Slip-Ring Assembly 
Weldments, Adv. 225 Piloted Air Valves Magnetic Tape Recorder 


Wheels, Edit. 127 
Wire and wire products, Adv. 264 
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YOUR DRAFTING TIME 
AND COSTS WITH 


CLEARPRINT Hoos ; 
ee ” Tene) 
FADE-OUT” PAPER | utili W777 
THIS IS: YOUR DRAWING .. . 


quickly rendered to scale with 


oferell]gejizmmo)ll-mmeldloMiisl-.mrome|'ilel-ma rel! 


THIS 1S A PRINT... 


Leading engineers and designers 
report that Clearprint Fade-Out 
Paper speeds up their drafting 10 
to 15% ... cuts their costs pro- 
portionately. And Fade-Out Pa- 
per gives them prints which are 
sharper and easier to read, be- 
cause grid lines do not reproduce. 


Clearprint’s perfect working sur- 

face invites pencil and pen — lines 

are sharp and clean. It withstands 

repeated erasures, too, without : . 
the slightest ghosting. IN ROLLS 


See how Clearprint Fade-Out 
Paper can solve your drafting 
problems. Order a trial roll now, 
and apply it to your various draw- 


ing needs. IN SHEETS 


Available with grids ruled 
4x4, 5x5, 8x8 and 10x10 


lines to the inch. IN PADS 


CLEARPRINT PAPER CO. (MD) 
1482 - 67th Street, Emeryville, Calif. 


0) Please send me sample Clearprint “Fade-Out” sheets, with prices. 
0 Send me Clearprint samples, with prices, for the following uses: 











OO Have your representative call at my office. 


Stat 
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HOT-SPINNING TITANIUM to form strong, light- 
weight pressure vessels is being done at Titanium Fab- 
ricators Inc. on this specially designed vertical spin- 
ning lathe. Completely hydraulic, the machine per- 
mits close control of speeds, feeds, and pressures. 
Hydraulic system is rated at 3000 psi—can exert 12 
tons of pressure on the small area being formed. Spin- 
ning tool is easily removed; can be replaced by ma- 
chining tools for contour work or for machining edges 
prior to welding. Circular, preheated blanks used in 
the process are 6 Al, 4 V titanium alloy, a relatively 
new heat-treatable alloy developed by the Army. 


(Continued from Page 15) 


BANANA UNLOADER with traveling sponge rubber 
pockets combines speed and careful handling to un- 
load 60 stems of bananas per min. The gantry crane is 
self-propelled on tracks; has two control stations—one 
in the cab and a remote position in the ship’s hold. 
Bananas are hand-loaded, one stem per pocket and dis- 
charged, gently, on conveyor belts for fast handling. 
A switch on the bottom of the marine leg automatically 
lifts the boom if the ship rides upward. An automatic 
belt takeup adjusts for changes in belt length as the 
boom moves. George L. Day Co. is building four of 
the units for the United Fruit Co. 


Subjects under study in the 
three-story laboratory include: 1. 
Effect of outer space’s cosmic rays 
on radar and radio signals. 2. 
Radar pattern presented by various 
space vehicle and missile shapes. 
3. Effect of the ionosphere on such 
signals. 4. Characteristics of vari- 
ofis antennas when installed in mis- 
siles. 

An anechoic chamber—or “quiet 
room” measuring 20 by 70 ft—pro- 
duces electronic conditions to be 
found 300 miles in space by elim- 
inating all stray electronic signals. 
Much of the advanced research is 
being done in connection with the 
Navy’s Polaris ballistic missile. 


22 


Metal Filters in Complex Shapes 
Produced by Fiber-Metallurgy 


CLEVELAND—Using metal fibers in- 
stead of powders, metallurgists at 
Horizons Inc. are producing com- 
plex porous shapes for a number 
of useful applications. For ex- 
ample, metal filters produced by 
the new method are claimed to 
maintain unusually high strength, 
ductility, and porosity under a 
variety of conditions—including 
high temperature. The new tech- 
nique uses wire in fiber or filament 
form obtained by a wire cutting or 
shaving process, in the place of 
metal powders. 

In one method of preparing 


fiber-metal shapes, felting proced- 
ures are used similar to those used 
in the paper making industry. A 
suspension or slurry of fiber is de- 
posited as sheet in equipment such 
as Fourdrinier machines. The sus- 
pension is in contact with a porous 
mold or die. Subjected to a vac- 
uum, the liquid is drawn away 
from the mold, leaving a mat of 
fiber on the surface. This sur- 
face can be quite complex, to pro- 
duce similarly irregular-shaped ele- 
ments. 

Physical variations are obtained 
by controlling fiber length, di- 
ameter, kinking, surface rough- 
ness, and porosity. Greater strength 
in a predetermined direction is 
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oie “a gning--< BIND 


Husky bearings in husky housings 


ity regardless of 
capacity regar 4 
deflection or support 
alignment. 


adjust immediately in any direction 


When high-impact loads deal out 
punishment, shaft deflection may 
spell a quick finish for ordinary 
bearings. But this rugged Link- 
Belt bearing is self-aligning .. . 
won't “pinch” or bind when mis- 
aligned. 

Complete protection is pro- 
vided by effective seals which 


block entrance of dirt, escape of 
lubricant. Durable housing— 
machined as two perfectly 
matched parts provides easy in- 
stallation without shims or align- 
ment rings. 

Get full data on Link-Belt’s 
complete bearing line from Book 
2550. Ask any of 40 offices. 


: we 
“ % 
LINK Aa), BEL 
= 3 
= EB = j 


+), a 
Series 6800, 6900, 7800, 7900 weet 


roller bearings have interna- e e RS 
tionally standardized boundary self-aligning ball and roller bearings 
imensions., 
14,441-A 
LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants, Sales Offices, Stock Carrying Factory 
Branch Stores and Distributors in All Principal Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville (Sydney), 
N.S.W.; South Africa, Springs. Representatives Throughout the World. 
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.-- Two rows of 40-inch blades are shown on this 
double-fiow, low-pressure steam turbine spindle. 
A 27-in. strip of HAYNES STELLITE alloy has 
been silver-soldered on each blade as protection 
against high-velocity erosion. 


to. 
meet 


TURBINE BLADES 
Protected Against 
High-Velocity Erosion 


Buaaing at the cold end of modern condensing-type 
steam turbines is subjected to severe erosion. Rim speed 
of some turbines approaches that of a high speed bullet 
—even small water particles can cause rapid wear on 
most metal parts at these high velocities. 

Yet when the leading edges of these blades are pro- 
tected with shields of HAYNES STELLITE alloy, they 
remain in operation for as long as 19 years! This dra- 
matic example of ruggedness is one of 
the reasons HAYNES cobalt-base alloys 
are used in many industries to solve 
abrasion and erosion problems. 

For information on long-wearing and 
erosion resistant alloys, send for our 
Booklet. Write HAYNES STELLITE 
COMPANY, Division of Union Carbide 
Corporation, General Offices and Works, 

Kokomo, Indiana. 


AaLLoOows 
HAYNES STELLITE COMPANY 


Division of Union Carbide Corporation 
UI Ni rey. 
(oy-Vrdsiie)s 


“Haynes,” “Haynes Stellite” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 


Circle 415 on Page 19 MACHINE DESIGN 





Engineering News Roundup 





achieved by preferred orientation 
of the fibers on the mat. 

For high-density parts, the felted 
material is pressed through rolls or 
dies. As sheet, it can be worked 
continuously by felting, rolling, an- 
nealing, and sintering. 

Cylindrical and convoluted filter 
elements are made with fiber- 
resin mixtures. A tubular die filled 
with fibers is vibrated and thermo- 
plastic resin is added. The mix- 
ture is then heated, pulled through 
the die by vacuum, allowed to cool, 
and sintered. 


Salary Increases for 
Engineers Taper Off 


Lower Average Pay Boosts 
Parallel Management Rise 


NEw YorK-—Salary levels of engi- 
neering and associated personnel 
in U. S. industry rose an average 
of 5.9 per cent between 1956 and 
1957. According to a survey con- 
ducted by the American Manage- 
ment Association’s Executive Com- 
pensation Service, this increase is 
appreciably lower than the 8.6 per 


yet ogi oe She Che Fear aa DO-IT-YOURSELF GYROCOPTER, produced in kit form by Bensen Air- 
; ee craft Corp., may become the motorscooter of air travel. Small and light, it 

The change seed indicate that can be lifted by one man; carried on the tailgate of a station wagon. Dis- 
compensation of engineers, closely _ mantling or assembly requires 20 min. Removable fibreglas cabin is avail- 
paralleling percentage increase of able. Autorotating rotor is not power-driven, making control of the craft 
top and middle management com- more like an airplane than a helicopter, except that it will not spin or stall. 
pensation, has become relatively Prime mover is an air-cooled, 4-cylinder, 2-cycle engine rated at 40 hp. 
uniform of late. Pusher propeller is mounted directly to engine shaft. Cruising speed is 60 

(Please turn to Page 28) mph; landing speed, 7 mph. 





eres ¥ 
hig Yas 


TRAILER STRADDLES FREIGHT to ease loading than 50 sec, unload in less than 15 sec. It hauls fruit 
and unloading operations. Trailer, built by the Ed- in boxes or bins, cattle in a special rack, baled hay, 
wards Equipment Co., can pick up preset load in less lumber, and canned goods in cases. 
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CHRYSLER CORPORATION 


BRUNING Reproduction 
Machines help Chrysler 
Corporation in Vital 


m 


Most of the great work that Chrysler Corporation 
is doing in missiles must be classified for security 
reasons. It is no secret, however, that this pro- 
gressive firm —creators of the advanced “forward 
look” in automobiles — has played a vital role 
in the development of the ballistic missile indicated 
above. 

It is no secret, either, that Chrysler Corporation 
utilizes the outstanding advantages of modern 
Bruning Copyflex diazotype reproduction machines 
in this important work. Shown here is the imposing 
battery of Copyflex machines employed by the 


Chrysler Corporation. You can see for yourself the 


famous problem-free installation of Copyflex — no 
exhaust venting, plumbing, or auxiliary equipment. 


Shown here is the impressive battery of 
Copyflex machines used by Chrysler 
Corporation for important reproduction 
operations in vital missile work. Ma- 
chines need no venting, plumbing, 
or auxiliary equipment . . . provide 
Chrysler Corporation with important 
operating benefits. 


age <a ™ ‘? i 
= I=.“ Missile Wor 
J.S. Army Redstone Missile £ 


You can see, too, how Copyflex provides busy oper- 
ators with such advantages as roomy feed tables, 
extra-large, convenient stacking trays. 

And that’s only part of the story. You, like 
Chrysler Corporation, should be benefiting by such 
modern Copyflex advantages as greater mechanical 
speeds, faster return of originals, synchronized 
exposure and development, automatic separation of 
originals from exposed prints, automatic stacking, 
and front-or-rear print delivery. 

If you’re not getting these important advantages, 
then every day you delay getting modern Copyflex 
is costing you time and money. Make the experience 
of Chrysler Corporation your basis for mailing the 
coupon below. You'll be glad you did! 
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Copytlex Gives You All These Advantages 


exposure and development assure top quality prints, one 


Greater Convenience of Operation! Modern Copyflex 
gives printing widths up to 54” to simplify feeding of 
large tracings, facilitate multiple feedings. Such features 
as extra-large delivery trays, automatic separation, and 
front-or-rear delivery further speed operator’s work. 


Faster Mechanical Speeds! New Copyflex models 
introduced within the past two years offer sharply increased 
speeds — up to 30% faster than before. Synchronized 


knob control simplifies operation. 


Problem-Free Installation and Operation! Clean, 
quiet, odorless... Copyflex requires no vents or plumb- 
ing, needs only an electrical connection for operation. 
Precision-engineered design, including use of selenium 
rectifiers instead of troublesome vacuum tubes, assures 
trouble-free operation. 


Charles Bruning Company, Inc., Dept. 123-K 


BRUNING 


1800 Central Road, Mount Prospect, lilinois 
In Canada: 105 Church St., Toronto, Ont. 


Please send me information on the Copyflex process and Copyflex 


machines. 


Si ee 


Copytlex 


Offices in Principal U.S. Cities 


Company 
Address 
City 
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MODERN 
ELECTRONIC 


ENGINEERING 


GIVES PRECISE 
MOTOR SPEED 


CONTROL 
1/100 — 10 H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 


to 1 in others. 


ELECTRO DEVICES, Inc. 
4 Godwin Ave., Paterson, N. J. 


ARmory 4-8989 
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(Continued from Page 25) 

The study covered rates and 
ranges of pay for 33,797 employ- 
ees engaged in 58 major engineer- 
ing, scientific, and administrative 
activities in 263 companies located 
throughout the U. S. and Canada. 
This is the first year that Canadian 
firms have been covered by the 
survey; hence, the comparisons 
drawn with the previous year apply 
only to the U. S. 

Percentage salary increases dur- 
ing the year varied for individual 


fields. The maximum shown was 
for quality control engineers, who 
averaged 7.9 per cent in raises. 
Some electrical and mechanical en- 
gineers increased their compensa- 
tion by an average of 7.5 per cent. 
The smallest increases shown were 
for systems and procedures ana- 
lysts at 3.8 per cent. 

Median annual salaries currently 
paid to engineers in all fields of 
activity combined range from about 
$5400 in the lowest or entering 
category to approximately $13,100 


WORLD'S BIGGEST WALKING DRAGLINE mines iron ore in Lincoln- 
shire, England. Built by Ransome & Rapier Ltd., the dragline was trans- 
ported piecemeal and assembled on the site. The machine, weighing 2000 
tons, has a motor enclosure the size of two tennis courts and a jib nearly 
300 ft long with head 200 ft high. It can gorge 30 tons in one drag and 
swing loads at more than 20 mph to a heap. Operated by four or five-man 
teams on three shifts, it can lift 25,000 tons per week; can take 7-ft strides 
on two feet, each 48 ft long, 914 ft wide. 
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MINIATURIZATION AWARD 


THE AWARD 


Miniature Precision Bearings, Inc. cordially invites you to par- 
ticipate in the Annual Miniaturization Award Competition. The 
Miniaturization Award for 1957 will be presented on March 23, 
1958 at the Ist Annual Awards Dinner in New York. The Award 
will consist of a piece of original sculpture, symbolizing miniaturi- 
zation, by a leading American artist, which is cast in bronze and 
inscribed. There will also be Honorable Mentions for additional 


outstanding contributions. 


PURPOSE OF THE AWARD 


To increase public knowledge of the importance of miniaturization 
and to stimulate further activity within industry toward the 


advancement of the concept of miniaturization. 


CRITERIA FOR AWARD 


Contributions considered for the Award should have been made 
in the recent past to be eligible for consideration by the Miniaturi- 


q 
re 


zation Awards Committee. 


ht . ; 
aiiea 


JUDGING OF ENTRIES 

The awards will be judged by an eight-man independent com- 
mittee comprised of the following individuals: R. L. Goetzen- 
berger, Educational Consultant, Minneapolis-Honeywell Regu- 
lator Co. /Dr. George H. Lee, Director of Research, Rensselaer 
Polytechnic Institute / Morton Pavane, Electronics Engineer, 
Air Research and Development Command /Gerard Piel, Publish- 
er, SCIENTIFIC AMERICAN /Gustave Shapiro, Chief, Engineering 
Electronics Section, Electricity and Electronics Division, National 
Bureau of Standards / George F. Sullivan, Editor, THE IRON 
AGE /Elmer Tangerman, Editor, PRODUCT ENGINEERING /Arthur 
W. Weber, Vice President, Engineering & Manufacturing, Corn- 
ing Glass Works /Horace D. Gilbert, President, Miniature Pre- 
cision Bearings, Inc. 


ENTRIES 


Description of a specific contribution should be made in as com- 
plete a form as possible and mailed to the Awards Committee, 
Miniature Precision Bearings, Inc., Precision Park, Keene, New 
Hampshire. Samples of the product itself, blueprints or photo- 
graphs will be helpful. Descriptive information should include 
some of the design characteristics of the product and the specific 
problem solved by the miniaturization effort. 


DEADLINE 


In order to be considered for the 1957 Miniaturization Award, 
entries must be received by the Awards Committee by January 
31, 1958. 
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HEAVIEST AUTOMOBILE FRAME in the industry 
will appear on the new Argonaut—a big, expensive 
sports roadster going into production (hand assembly) 
in Cleveland. Frame is 5-in. cold-drawn steel tubing 
with 3/16-in. walls and 1/4-in. attachments. Coated 
with white vinyl paint, it weighs 1060 lb, giving the 
car an unusually low center of gravity. Argonaut has a 
wheelbase of 127 in.; length of about 215 in. Height to 
cowl is 37 in.; weight, 4000 lb. Weight distribution is 
50-50 providing good roadability and handling. Power 
steering is not used. Two-place body is aluminum with 
bucket seats. The engine displaces 392 cu in.; is said 
to be one of the most powerful V-8s in a production 
auto. Appearance detail have not been released. 


at the highest nonmanagement lev- 
el. By and large, levels of com- 
pensation in Canada are lower 
than those prevailing in the U. S. 
For example, Canadian median sal- 
aries for engineers of all types fa!l 
between $4700 at the lowest level 
and $10,400 at the highest level. 

Classified in the lowest level 
are engineers with bachelor of sci- 
ence degrees plus up to one year of 
experience. Classified in the high- 
est level are engineers of long 
experience responsible for planning, 
conducting, and supervising assign- 
ments involving large and impor- 
tant projects. 

Many individual salaries, of 
course, vary considerably from the 
median. For some specific types 
of engineering jobs, individual sal- 
aries are as high as $20,000 a year. 
Salaries of physicists, mathema- 
ticians, and other scientists range 
from a median of $5400 a year at 
the beginning level to a median of 
$14,000 at the highest level. 


AMPLITUDE 


30 


HANDLEBAR STEERING and hydraulic brakes are 
features of the new English-built Scootacar. The three- 
wheeled vehicle has space for three passengers; comes 
equipped with directional signals, windshield wiper, and 
heater. A 197-cc engine, with four-speed gearbox (op- 
tional reverse), provides speeds to 45 mph. Fuel con- 
sumption is about 80 mpg. According to Hunslet En- 
gine Co., Locomotive Builders, Scootacar is a new ap- 
proach to personal transportation, being definitely an 
enclosed scooter and not a miniature car. 


Thirteen most powerful hydraulic turbines in the 
U. S. will be built by Baldwin-Lima-Hamilton and the 
Newport News Shipbuilding and Dry Dock Co. for 
the Lewiston, N. Y., Power Plant. Each turbine is 
rated at 200,000 hp when operated under a 300-ft head. 


TRANSMITTER 
“< PULSE 


RADAR ECHO from Sputnik I third-stage rocket, 595 miles away at this 
“sighting,” was recorded at new radar installation. Millstone radar is de- 
scribed on Page 5. Scientists at M.I.T.’s Lincoln Laboratory started sight- 
ings of Sputnik I with single radio receiver, expanded their efforts to in- 
clude observations from four separate locations, have recorded Sputnik sig- 
nals on both the 20 and 40-mc frequencies. 
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Because of his laboratories and know-how the leader 
can give you better design. The leader can afford more 
efficient tooling and greater quality control. 


The leader can give you a better cylinder without a 


premium price. 


The leader in air and hydraulic cylinders is Hannifin. 


AIR AND HYDRAULIC 


HAN NIFIN 


POWER CYLINDERS 





Write for your copy of this new Hannifin Cylinder File— 
complete, easy-to-use, easy-to-order-from information 
on five lines of Hannifin cylinders. Hannifin Company, 
515 South Wolf Road, Des Plaines, Illinois. 




















December 12, 1957 Circle 419 on Page 19 





I-T-E CIRCUIT BREAKER—KD (3,000 amp. rating) 
showing progressive assembly with Revere Copper 
and Aluminum Extrusions in place. I-T-E Circuit 
Breaker—KE is same type with 4,000 amp. rating. 


—form a Money-Saving 
team in latest 


CIRCUIT BREAKERS 


Revere T. A. Service an Important Factor 
in Ultimate Design of Parts 


The iarger of the two extruded and drawn copper shapes 

COPPER ALUMINUM shown at extreme left started out on the drawing board as two 

tt ieces. It was thought that a single shape of this size could 

oe ey alii! ae be made soclaacsatie. At this point, I-T-E Engineers got 

together with Revere’s T. A. (Technical Advisory) Service and 

threshed things over. The final result is the one-piece extrusion 
shown and a reduction in machining time. 


Aluminum was selected for the other extrusion shown because 

I-T-E found that it cost less per pound of metal and had a 

REVERE 8 PPB — when compared to a casting. Also, space 

* + was a factor. In all, Revere supplies 5 copper and 2 aluminum 
9 extrusions for KD and KE ie I-T-E ‘Gecuit Breakers. All 
<y d were designed to fit specific requirements of I-T-E Engineers. 
Mis Where it could be used satisfactorily, aluminum was applied 


because of economy, while current carrying members called 


REVERE COPPER AND BRASS INCORPORATED = ©" copper. 
Founded by Paul Revere in 1801 This is still another example of Revere supplying the metal 
230 Park Avenue, New York 17, N. Y. that will do the best job and with the greatest economy... 
Mills: Baltimore, Md.: Brechin, N.Y: Chicage, Clintew be it aluminum, copper or any one of their alloys. So, with 
and Joliet, Ill.; Detroit, Mich.; Los Angeles and Riverside, new things happening all the time in non-ferrous metals it can 


Calif.; New Bedford, Mass.; Newport, Ark.; Rome, N.Y. : % . . 
Sales Offices in Principal Cities, Distributors Everywhere. pay you to keep in close touch with Revere. 
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BIG BIT for the Army will be used for fast construction of field fortifica- 
tions, shallow wells, and waste-disposal pits. Mounted on a standard 5-ton 
truck, the mobile earth-auger will dig holes up to 6 ft in diameter and 22 
ft deep in practically any type of earth strata. Boom is hydraulically actuated. 
Power for the digging unit is sup- 
plied by 127-hp gasoline engine. 
Standard attachments include vari- 
ous sized auger bits, core barrels for 
drilling in rock, and provision for 
using air, water, and calyx drilling 
attachments. Now under test at the 
Army Engineer Research & Devel- 
opment Laboratories, unit was de- 
veloped by H. B. Williams Mfg. Co. 


| STANPAT—the remarkable tri-ace- 
tate that is pre-printed with your 
standard and repetitive blueprint 
items, easily transferred to your trac- 
ings by an adhesive back or front. 
Relieves time-consuming and tedious 
detail of re-drawing and re-lettering 
specification and revision boxes, 
standard symbols, sub-assemblies, 
components ond cross-sections. Saves 
hundreds of expensive hours of 
drafting time and money, frees the 
engineer for concentration on more 
creative work. 


so simple to use: 
® PEEL the tri-acetate adhesive 


from its backing. 


@ PLACE the tri-acetate in posi- 
: tion on the tracing. 

@ PRESS 

» into position, will not 
wrinkle or come off, 








military equipment reduced to one- 


Microminiaturization 
Applied to Transistors 


Wee Transistors Are Formed 
By Vapor Deposit, Film 


WASHINGTON — Many electronic 
items may be made smaller 
through a new technique for re- 
ducing the size of transistors. 
Army research scientists call this 
new method the “missing link” in 
their continuing effort to cut down 
both bulk and weight of Ordnance 
electronic devices. They foresee 
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tenth of its present size in some 
items, and expect their printed- 
circuit transistor to be equally 
valuable to civilian industry. 

The process was invented by 
two civil service employees of the 
Army’s Ordnance Laboratories in 
Washington, Dr. J. W. Lathrop 
and Mr. James R. Nall. The new 
process seems ideally suited to 
automation and mass production 
of transistor systems at low cost. 
Reliability and resistance to shock 


and vibration reportedly will be 
(Please turn to Page 36) 


STANPAT CO., Whitestone 57, N. Y.. U.S.A. 
| Phone: Flushing 9-1693-1611 Dept. MD12 


4 Please quote on enclosed samples. 
Kindly send me STANPAT literature and | 


| somples. 
Name. 

| Title. | 

Company. 


Address J 
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Claymont’s new Fabrication Shop provides more than 100,000 
square feet of floor space containing a complete range of 
efficient production line layout and modern shipping facilities. 


You’ll save time and money by letting Claymont 
perform difficult, time-consuming machining and 
fabricating operations on your steel plate before 
t’s delivered to you. 


Claymont Has The Facilities...OQur new Fabrications 
Shop is completely equipped to perform all these 
steel plate operations: 


LDIN * SHEARING + PUNCHING + MILLING - PAINTING 
ING + CUTTING - BORING + GRINDING + CHIPPING + EDGE 
EPARATION + ROLLING + PRESSING + DRILLING + SHAPING 
IMING + SHOT BLASTING 














Your Supply Of Steel Is Assured... Claymont’s is 
a completely-integrated operation. From the se- 


lection of raw materials through blast furnace, 
open hearth, rolling mill to steel plate fabrica- 
tions... every operation is performed within 
the company. 


You Get Uniform Quality In Accordance With Your Needs 
. . . Because Claymont’s operations are fully 
integrated, we are able to exercise rigid quality 
controls throughout every single stage of pro- 
duction and fabrication to assure that customer 
specifications will be met. 


Bring your steel parts problems to Claymont. 
For complete information contact the sales office 


nearest you. 
4936 
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Production Weldments— Many pro- 
duction component parts for which 
castings are presently being used can 
be safely and profitably replaced by 
weldments. The advantages: cost sav- 
ings plus reduction in weight with no 
loss in strength. Claymont is com- 
pletely equipped to produce weldments 
in many sizes and shapes, and from a 
wide variety of steels. 





Flame-Cut Patterns—Claymont has 
multiple-torch travagraphs for pro- 
ducing large quantities of irregular 
shapes that exceed the gage or size 
limitations of blanking presses; and 
single-torch, semi-automatic radia- 
graphs for cutting straight cuts and 
simple patterns, circles and smaller- 


quantity jobs. A special type of radia- 
graph is used to prepare edges prior 
to welding. 





Heavy-Duty Plate Forming—Clay- 
mont’s heavy-duty mechanical press- 
ing, bending, and shaping equipment 
is capable of a wide variety of forming 
operacions on heavy steel plate. 


OTHER CLAYMONT PRODUCTS 


Alloy Steel Plates - Large Diameter Welded Steel Pipe 

High Strength Low Alloy Steel Plates - Stainless-Clad Plates 

Manhole Fittings and Covers - Flanged and Dished Heads 
CF&I Lectro-Clad Nickel Plated Steel Plates 


CF Products of Wickwire Spencer Steel Division * The Colorado Fuel and Iron Corporation 


Albuquerque + Amarillo + Atlanta + Billings + Boise + Boston + Buffalo + Butte + Casper + Chicago * Denver + Detroit + El Paso + Ft. Worth + Houston 
Lincoln + Los Angeles * New Orleans * New York » Oakland » Odessa + Oklahoma City + Philadelphia + Phoenix + Portland (Ore.) + Pueblo + Salt Lake City 
San Francisco * San Leandro + Seattle * Spokane + Tulsa + Wichita 

CF&I OFFICES IN CANADA: Montreal + Toronto » CANADIAN REPRESENTATIVES AT: Calgary * Edmonton + Vancouver + Winnipeg 
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(Continued from Page 33) 
increased. 

The new transistor method is 
said to start with a tiny wafer of 
the metal germanium. Photosensi- 
tive film provides precise masks 
on a ceramic plate for positioning 
the pin-point electrodes of the 
transistor. The electrodes are 
formed by vapor deposit. The 
process cuts the size of transistors 
to about 1/20 in. wide and 0.01 in. 
high. 


no beeps 
-.-.just clicks 


This is probably about the most groundborne relay ever built by Sigma. Since 
its leviathan specifications include a brutish size of 314" x 2346" x 232" and 
a weight that can reach 58 of a pound (even bigger and heavier when her- 
metically sealed ), it’s exceedingly doubtful that it will ever fly, orbitally or 


Miggit 


otherwise. Since that kind of quick fame is out of the question, the ‘61 
should be able to do some other — though less timely — sort of job. It can, 
and here’s where you product designers can start paying close attention. 

CORROSION PREVENTION us- 
ing an automatic electrical system, 
The 61 is a polarized DC power contactor, with four separate heavy-duty has been developed by Charles 
contact circuits (DPDT only ) for switching up to 20-ampere resistive loads in Englehard Inc. A ship’s hull cor- 
. Vm watt signals. Two switching forms are avail- rodes due to variation in composi- 
able: Form Z, magnetic latch - in, single or dual coils, and Form Y, magnetically tion of the steel—causing it to act 
biased, single coil. For special jobs, center-stable 61’s can also be built like two different metals. Some 
(Form X). Since the Form Z types latch firmly in either of two positions by areas become anodic and corrode, 
while other areas serve as cathodes. 
In Englehard’s system, thin plati- 
num discs are mounted on the hull, 
insulated by an 8-ft square neoprene 
Some of the places we’d expect the 61 to be particularly blanket. Supplied with current from 
useful include machine tool control panels, battery - powered the ship’s generators, they make the 
control systems, and other equipment where big fat loads entire hull cathodic. This overcomes 
the galvanic electrical flow between 
different parts of the hull; elimi- 
nates corrosion. Voltage supply to 
anodes is automatically monitored. 


response to momentary 4 to 


magnetic means, there are no mechanical wearing surfaces; the one part that 


does move uses miniature ball bearing pivots. 


must be dependably switched by comparatively meager 
: signals, in the presence of contact-disturbing shakes, shocks 
and rumblings. Space and money can also sometimes be saved 
by a 61, in replacing a pilot and slave relay combination 


where 225-450 mw. signals have to control 1 to 2 kw. loads. 
POLARIZED LATCHING CONTACTOR 


Series 61 relays are quite easy to order, once you master Sigma’s international, Transducer Error Equals 
all-encompassing system of code designation (readable east to west, north to B A 
‘ aseball at Three Miles 


south, without binoculars ). Example: 61FZ2A2B — 200 — GD SC —an unen- 





closed latching DPDT 61 with 200-ohm dual coils and silver alloy contacts. New York — An electromagnetic, 


angle transducer, called the vernier 
resolver, has recolution of better 


SIGMA INSTRUMENTS, INC. | than +3 sec of arc. This is abou‘ 


the same anele as that subtended 
89 Pearl Street, South Braintree 85, Massachusetts | by a baseball at three miles. The 


Bulletin, on request, explains all this and more. 
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resolver, developed by Bell Tele- 
phone Laboratories under an Air 
Force contract, has_ potentially 
wide applications for visual and 
automatic angle reading systems. 

It has been used in an “angie 
encoder” which converts a shaft 
angle to a numerical representa- 
tion acceptable to a digital com- 
puter. The standard deviation of 
the error of this complete encoder 
is less than 10 sec of arc. 

The vernier resolver is a re- 
luctance type, variable coupling 
transformer. In its present de- 
sign, two output voltages vary in 
amplitude as the sine and cosine 
of 27 times the angle through 
which the rotor is turned. Thus, 
the equivalent of a standard re- 
solver driven by a 27:1 gear train 
is obtained. 


Business Failures Lag 
Growing Total of Firms 


New YorK—Business failures have 
not kept pace with the increasing 
total of business firms. According 
to the Business Economics Div. of 
Dun & Bradstreet Inc., more than 
half of the failures occur in busi- 
nesses that have been in existence 
for five years or less. The pro- 
portion of “younger” failures has 
been declining steadily in the past 
10 years, from 77.6 down to 58.6 
per cent. However, the toll among 
businesses, ten years or older, has 
increased almost steadily in the 
same period, from 9.1 to 18.3 per 
cent. 

In manufacturing per 10,000 con- 
cerns, there were 143 failures in 
electrical machinery, 116 in trans- 
portation equipment and 69 in ma- 
chinery. A breakdown of failure 
causes for all business shows “in- 
adequate sales’ responsible for 
47.9 per cent of losses, ‘‘competi- 
tive weakness” as next most prom- 
inent fault, 21.2 per cent. 

Stone, clay, and glass manufac- 
turers showed lowest rate of fail- 
ures with only 30 per 10,000 con- 
cerns. By states, the highest fail- 
ure rates per 10,000 concerns were 
Nevada, 141.8; California, 135.0; 
New York, 106.5. Lowest failure 
rates were in South Dakota, 10.2, 

(Please turn to Page 40) 
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get design flexibility 





with I-R motorpumps 


Simplify your problem of incor- 
porating dependable pumping 
by selecting from Ingersoll-Rand’s 
extensive line. No other manu- 
facturer gives you a choice of so 
many types and sizes . . . no other 
pumps offer the same proven re- 
liability and efficiency. 
Motorpumps are available for 
sidewall, immersion or foot mount- 
ing. Get complete information 
now by writing for descriptive 
literature. 


MOTORR PUMP 
Ingersoll-Rand 


1) Broadway, New York 4, NLY. 
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DESIGNING WITH ALUMINUM 





This is one of a series of information 
sheets that discuss the properties of 
aluminum and its alloys with relation to 
design. Extra or missing copies of the 
series lied on request. Address: 
Advertising Dept., Kaiser Aluminum & 
Chemical Sales, Inc., Department PD-1, 
919 No. Michigan Ave., Chicago 11, Ill. 














ADVANTAGES OF ALUMINUM FOIL STRIP 
FOR ELECTRICAL WINDINGS 


Conversions from round copper wire to aluminum interleaved strip 
windings are bringing improved design, better performance and 
lower costs to a wide range of mass production applications. 


ALUMINUM RIBBON, interleaved with 
insulation material, may be used suc- 
cessfully in place of copper in such ap- 
plications as: transformers for radio and 
television; motor starters and aircraft 
accessories; field and rotor windings 
for motors and generators; coils for 
solenoids, relays and ignition devices; 
chokes, filters and a vast range of sim- 
ilar electromechanisms and electronic 
devices. 


Conversion to Foil Strip 
Offers Design Advantages 


Although the design of any electromag- 
netic unit depends upon its specific 
application requirements, aluminum 
ribbon conductor offers several advan- 
tages to all applications converted from 
round copper wire: 

1. Reduction in void space often allows 
equivalent cross-section size. Where- 
as round copper wires leave unfilled 
spaces between strands, the flat 
aluminum ribbons lie neatly to- 
gether in a compact mass free of 
voids. This can often allow equiv- 
alent winding cross-section size. 
Where cooling ducts and layer in- 
sulation are used, the aluminum rib- 
bon and interleaving insulation will 
almost always fit the same winding 
gap as copper. 

. Excellent heat dissipation reduces 
operating temperature. Aluminum 
conducts heat better than any insu- 
lation or impregnating material. A 
ribbon-wound coil has substantially 
the same temperature throughout a 
layer of conductor because each 
layer is a solid conductor and dissi- 
pates heat to the outside. Absence of 
voids eliminates formation of local 
“hot spots”—has reduced tempera- 
ture as much as 100°F. This control 
of temperature normally allows a 
reduced aluminum cross-section for 
equal current carrying capacity. 

. Lower space factor helps reduce cost 
and weight. Because ribbon wound 
coils generally operate at tempera- 
tures 20 or more degrees(F.) lower 
than wire wound coils, it is possible 
to reduce the 1.64:1 aluminum-to- 
copper area ratio that is theoretic- 
ally necessary. In actual use, area 


factors are about 1.5 and occasion- 
ally have been as low as 1.25, mak- 
ing possible weight reductions of 
over 50%... with cost savings of 30 
to 40% for copper wire conversions 
in sizes #24 or larger. 

- Manufacturing method reduces 
problem of conductor tensile 
strength. Because wire-drawing ten- 
sions are absent in manufacturing the 
slit aluminum ribbons, and because 
aluminum strip has better heat dissi- 
pation and lowers coil temperatures, 
comparative conductor strength has 
little significance. Aluminum ribbon 
conductor is readily available and 
readily adaptable to high produc- 
tion techniques. 

. Effective joining methods available 
at low cost. A wide variety of join- 
ing techniques and equipment—all 
proved in thousands of high-produc- 
tion electrical devices—offer econ- 
omy equal or better than copper for 
both initial cost and maintenance. 


Two Design Approaches 
Meet Conversion Problem 


The fundamental design problem in 
converting from copper to aluminum 
conductor is, of course, to provide for 
and accommodate the additional coil 
cross-section needed for equal conduct- 
ance and reactance, and at the same 
time provide equal dissipation of heat. 
Two basic approaches may be taken to 
this problem. 

First, the conductor cross-section 
may simply be increased by the appro- 
priate factor (1.5) to give the same 
ampere turns and resistance; or sec- 
ond, the wiring area may be changed 


to allow a better ratio of conductor to 
insulation where space is critical or the 
coil may be split and connected in 
series to further help this conductor to 
insulation ratio. 


Designing for a compromise between 
these two approaches is favored by the 
physical shape of aluminum strip con- 
ductor, and allows the designer to make 
use of the advantages of both ap- 
proaches. The aluminum ribbons are 
produced by slitting from foil, which 
may be mill-rolled to any requested 
thickness, and thus are available in 
any desired combination of gauge and 
width, unrestricted to standard gauge 
sizes. And —to the designer’s advantage 
—the aluminum conductor proportions 
may be exactly determined by the rec- 
tangular geometry of the wiring cross- 
section. 


Elimination of the voids between cir- 
cular conductor sections together with 
the better dissipation of heat due to 
this design results in working tempera- 
tures normally about 20°F. cooler than 
in round wire. Some ribbon wound coils 
have reduced “hot spot” temperatures 
by as much as 100°F., and have accepted 
without damage excess loadings that 
have destroyed electromagnetically- 
equivalent copper wire wound coils. 


When aluminum ribbon conductor is 
substituted for copper wire to give 
equal current carrying capacity and 
equivalent resistance, the aluminum 
conductor assembly is little or no larger 
and sometimes smaller—than its cop- 
per prototype. 


Insulation Need Not Have 
High Dielectric Strength 


Because the potential between succes- 
sive wraps is usually low, the insula- 
tion materials between layers nor- 
mally does not require high dielectric 





Magnet Wire Core 


Conductor Layer 





insulation 
=e 








Interleaved Core 
insulation insulation 


Conductor 








Conventional insulated copper wire coil (left) utilizes only 70 to 85% of available space. 
Ajuminum interleaved strip conductor coil (right) utilizes up to 97% of overall space. 
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strength. Condenser paper 0.00025” in 
thickness may be used in many appli- 
cations where space is highly critical. 
“Mylar”* and “Teflon”* plastics have 
excellent dielectric, tensile and scuffing 
strength. They are available in gauges 
down to 0.00025” and accept, without 
aging, higher temperatures than paper. 
The higher cost of “Mylar” for Class B 
insulation, and the still higher cost of 
“Teflon” for Class H insulation are jus- 


the use of aluminum ribbon by adding 
little more than an unwinding reel, a 
suitable tension device and guides for 
the insulation and aluminum strip. 

Equipment for multiple winding of 
smaller coils often is too specialized for 
easy adaptation, but usually may be 
converted by more detailed alterations. 
In present practice, both conductor rib- 
bons and insulation strips are wound 
from reels of pre-slit material. 


Modern foil coil machine designed specifically for aluminum ribbor coil windings. 
(Universal Winding Company, Providence, R. |.) 


tified for conversion of high operating 
temperature coils. 


Fixed coatings such as resins and 
enamels are efficient and eliminate 
separate interleaving. Although they 
are not commercially available at this 
time, should they become more readily 
available in the future, this factor would 
further reduce material cost. 


Anodized conductor similarly needs 
no separate insulation, resists tempera- 
tures up to 750°F., and eliminates the 
need for separate interleaving mate- 
rials. Extreme care is necessary to pre- 
vent edge crazing of the anodic coating 
during the winding operations. The 
anodic coating is inherently porous and 
requires sealers against moisture. Such 
sealers are presently limited to a maxi- 
mum temperature of about 400°F. 


The strip insulation lowest in weight 
and cost is condenser tissue of suitable 
gauge. The paper is limited by a tend- 
ency to become brittle after lengthy 
exposure to temperatures above 250°F., 
but otherwise is an excellent general 
purpose insulator. Because of its natu- 
ral porosity, it may be readily impreg- 
nated with resin sealers for protection 
against moisture, or with sealer-adhe- 
sive materials to bind the interleaved 
coil into an integral unit. 


Most of the existing machinery for 
handling single-wound, heavier size 
conductors can be adapted readily to 


*Dupont trade names. 
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Above: Tinned copper wire pressure welded to alumi- 
num foil. Below: (oldweld tools made by Utica Drop 
Forge and Tool Division of Kelsey-Hayes Company. 


Tested Joining Methods 
Offer Economy, Versatility 


The joining of round, flat, and stranded 
leads of aluminum or copper to ribbon 
conductors of aluminum has been ac- 
complished in a variety of ways. Solder- 
ing or brazing of leads and terminals 
may be accomplished by use of suitable 
aluminum fluxes and solders, by ultra- 
sonic soldering techniques, or by the 
use of fiber-glass brushing in conjunc- 
tion with recommended aluminum 
solders on the heavier gauge materials. 


Cold or hot pressure-welding is an ex- 
tremely economical method by which 
the metals are pressed into plastic-flow 
merging of surfaces to give a true weld. 
Flash welding and inert arc welding also 
produce good welded joints. Standard 
crimping procedures have been used 
effectively although the ribbon con- 
ductor shape also permits punching ‘o 
receive wide flange connecting parts 
without need for crimping. 


Where dissimilar metal joints are 
used and are susceptible to high humid- 
ity conditions, suitable resin sealers 
may be applied at the joint to minimize 
the possibility of galvanic corrosion. 


The operating and cost efficiencies of 
aluminum strip conductor are most 
marked when replacing copper wire of 
#24 AWG or larger, but savings have 
been realized by conversions through 
#30 gauge. Economies in conductor 
cost, including insulation, have been 
recorded from 30 to 40%. 


Kaiser Aluminum does not manufac- 
ture electromagnetic coils or insulation 
materials, but has wide availabilities of 
aluminum ribbon conductor and a spe- 
cial technical staff to assist coil manu- 
facturers and users in all details relat- 
ing to the use of its conductor materials 
in their products. Inquiries for such as- 
sistance are welcomed and sample coils 
can be fabricated to customer specifica- 
tions for their evaluation in possible 
conversions. 


For immediate attention to your re- 
quest for this technical service or sam- 
ples, or for more detailed information, 
contact the Kaiser Aluminum sales of- 
fice listed in your telephone directory. 
Kaiser Aluminum & Chemical Sales, 
Inc., General Sales Office, Palmolive 
Bldg., Chicago 11, Illinois; Executive 
Office, Kaiser Bldg., Oakland 22, Calif. 


ALUMINUM 


THE BRIGHT STAR OF METALS 
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(Continued from Page 37) 
Arkansas, 11.0; North Dakota, 
11.3. Failure statistics given in- 


clude only those concerns which 
go out of business with loss to 
creditors. 
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BIAXIAL STRETCH FORMER handles sheets in which the stiffening ribs 
have been extruded, and holds close tolerances. Built by Hufford Corp., the 
machine forms sheet sizes up to 5 x 24 ft and supplies ample force to form 
2014-T4 aluminum up to 14 sq in. cross-section longitudinally and 46 sq in. 
cross-section transversely. Transverse curvatures can be developed from 
straight to a 30-in. radius. Grips work along all four sides. 


communication Laboratories, ‘“‘pres- 
ent problems of communicating 
over mountains or oceans could be 


Suggest Satellite Be Used 
To Bounce Phone Signals 





NOW! 


“For Immediate Delivery! 


‘Over $1, 


ASCO So 


000,000 in 


lenoid Valves 


Regularly Maintained 





In Stock 


2-WAY 


Normally Closed and Normally Open 


Pipe Sizes: 
Pressures: 
Voltages: 
Solenoids: 


Services: 


3-WAY 


Ye” —2” 
to 1500 P.S.1. 
1.15-230-460/60 
General Purpose, 

Watertight, Explosion Proof 
Air, Water, Oil, Gas, Steam 


Normally Closed and Normally Open 


Pipe Sizes: 
Pressures: 
Voltages: 
Solenoids: 


Services: 


4-WAY 
Pipe Sizes: 
Pressures: 
Voltages: 
Solenoids: 


Services: 


Y% "ee Va" 


to 600 P.S.1. 
115-230.460/60 
General Purpose, 

Watertight, Explosion Proof 
Air, Water, Oil, Gas, Steam 


“"— 1" 

to 300 P.S.1. 

115-230-460/60 

General Purpose and 
Explosion Proof 

Air, Water, Oil 


HAND RESET 


2-WAY 
Pipe Sizes: 
Pressures: 
Voltages: 
Solenoids: 
Services: 
3-WAY 
Pipe Size: 
Pressures: 


Voltages: 
Solenoids: 


Services: 


STRAINERS 
Pipe Sizes: 
Pressures: 
Services: 


Y,"— 1" 

to 250 P.S.1. 
115/60 

General Purpose 
Air, Water, Oil, Gas 


%” 

to 250 P.S.1. 

115/60 

General Purpose and 

Explosion Proof 

Air, Water, Oil, Gas 
AND FILTERS 

Ye” — 3” 

250 P.S.1.; 450°F 

Air, Water, Oil, Gas, Steam 


Special purpose solenoid valves and ac- 
cessories are also stocked. 

All sizes and types of ASCO Solenoid 
Valves now carried in stock by our ware- 
house in Los Angeles, and by stocking 


| distributors in 


all principal cities. 


Send for ASCO Solenoid Valve 


Satellite Bounce Easier 
Than Crossing Mountains 


Nuttey, N. J.—Long-distance tele- 
phone conversations of the future 
may be bounced off earth satellites 
to provide communication with all 
parts of the globe, a radio scientist 
predicted recently. According to 
Richard E. Gray of Federal Tele- 


40 


bypassed by aiming radio signals 
at the smooth ‘skin’ of a satellite.” 

The envisioned technique would 
utilize microwave equipment now 
available. Directional antennas 
would focus the microwave beam 
directly at the satellite. Radio im- 
pulses would be reflected in all 
directions, but a large percentage 
would blanket the earth, where 


Stock List and Selection Guide. 


Automatic Switch Co. 


54-A Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 
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ASWUO inakes 
Solenoid Valve selection simple 


Comprehensive Design Engineering Data Now Available 
Keys Proper Solenoid Valve to Application 


Specifically designed to make the selection of solenoid valves simple, 
the ASCO Valve Catalog gives you the most comprehensive engineer- 
ing data available to aid you in your solenoid valve selection. 

» Here are 114 pages of up-to-date valve information. These pages 
incorporate detailed engineering sections. Finding the proper valve 
for your particular application is made easy by a simple master index 
which leads you to a separator where you will find all the valves of 
the type you require. Each separator has a more detailed index which 

% will enable you to turn right to the valve bulletin needed to meet 

your particular requirements. 








Automatic Switch CO 










Section 1. Section 2. . Section 3. Section 4. 


——er 


GENERAL ENGINEERING INFORMATION 2-WAY VALVES 3-WAY VALVES 4-WAY VALVES 

xpanded engineering data with - Covers all 2-way valves of the Detailed information. on fully Fully automatic types cov- 

iagrams, gives valve construction, fully automatic type for a automatic valves for pilot ered. Both single and dual 

operating principles, features. With wide range of pipe sizes and contro! of diaphragms or solenoid construction for 
mographs using Cv ratings for pressures. f cylinders, or for diverting flow general purpose and J.1.C. 

valve sizing. in pipelines. ' requirements. 


Section: 5. one Section 6. Section 7. : _ Section 8. 








: asco 
—~ $350 SPECIAL 











MANUAL RESET VALVES CORROSION RESISTANT VALVES SPECIAL PURPOSE VALVES NUCLEAR VALVE DATA 


2 and 3-way solenoid valves for includes 2 and 3-way solenoid AND ACCESSORIES Shows ASCO specialized sole- 
safety shut-off applications. valves for handling corrosive Special purpose equipment: noid valve designs for nu- 
: | gases and liquids. Section incor- waterproof and explosion proof clear, guided missile, Navy 
porates a selection guide chart. ph rg laundry valves, and dispensing applications. 

cylinders, etc. . 










You may order the complete catalog or individual sec- Any of these important engineering reference 
tions or bulletins. You will find easy to use return reply aids may be obtained by writing Automatic 
cards in each catalog for ordering additional literature. Switch Company — on company letterhead 
Also available is the Electromagnetic Control Master only please. 

Catalog 57-S or any one of the six sectional Catalogs 


covering Automatic Transfer Switches, Remote Control S an 
Switches, Contactors, Relays, Solenoids-or Electric N [ lic W [ h C 
Plant Controls. u omd baad l C 0. 
54-A Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 
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LONG WEARING 
LOW FRICTION 


UNIQUE (OIL-FREE) 


SELF-LUBRICATING 


EXCELLENT DURABILITY - CONSTANT 
COEFFICIENT OF FRICTION - APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
(—450° to +700°F.) 

OPERATE DRY, OR AT HIGH SPEEDS 
SUBMERGED IN WATER, GASOLINE OR 
LIQUID GASES - NON-CONTAMINATING 
IN FOODSTUFFS - EXCELLENT FOR 
CURRENT-CARRYING BEARINGS 


GRAPHALLOY is widely used for self- 
lubricating piston rings, seal rings, 
thrust and friction washers, pump vanes. 








COMPLETE 
BEARING 
UNITS 
SUPPLIED: 


Ree ees 














BRUSHES * CONTACTS 
GRAPHALLOY has high-performance 


electrical properties: low electrical "Oo 


noise, low and constant contact drop, 

high current density, minimum wear! 

Brush Holders and Assemblies, Coin Sil- m 
ver Slip Rings and Assemblies available. 





USE OUR 40 YEARS OF DESIGN EXPERIENCE! 


1045 Nepperhan Ave. * YONKERS, NEW YORK 


Oo Please send date on Graph y Oil-Free 
Send dete on BRUSHES and CONTACTS. 
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UNITED ENGINEERING CENTER, to be erected on United Nations 
Plaza between 47th and 48th Streets, New York, will serve as headquarters 
of 16 national engineering societies with total membership of about 250,000. 
Planned $10-million, 20-story tower will include library and exhibition 
space. In all, there will be about 250,000 sq ft of floor space. Societies and 
other organizations whose headquarters will be in the new building are: 


Amer. Inst. of Chem. Engrs. 


Amer. Inst. of Consulting 


Engrs. 


Amer. Inst. of Elec. Engrs. Amer. Soc. 


Engrs. 
Amer. Inst. of Ind. Engrs. 


Amer. Inst. of Mining, Met., 
and Pet. Engrs. 


Amer. Rocket Soc. 
Amer. Soc. of Civil Engrs. 


high-gain antennas would receive 
them. To facilitate focusing the 
antennas, the satellite would have 
to rotate at the same speed as the 
earth. 

Gray and another FTL scientist, 
Rodney D. Chipp, also described 
the world’s first commercial 
“over-the-horizon” microwave ra- 
dio links, inaugurated this year in 
the Caribbean and Mediterranean 
areas. Included was a discussion 
of the “over-the-horizon” link that 


Amer. Soc. of Heat. & Air- 
Cond. Engrs. 


Amer. Soc. of Mech. Engrs. 
of Refrigerating 


Electrochemical 
Engrg. Foundation 


Engrg. Index 


Engrs’. Council for 
Professional Development 


Illum. Engrg. Soc. 


Amer. Standards Assn. Soc. of Motion Picture and 
Amer. Water Works Assn. 
Amer. Welding Soc. Soc. of Naval Arch. & Mar. 
Soc. Engrs. 


TV Engrs. 


Welding Research Council 


made possible television’s longest 
hop—185 miles from Fla. to Cuba. 
This “electronic bridge’ carries 
more than 120 telephone chan- 
nels as well as television. 


Aerial Jeeps were subjects of a 
picture item in Engineering News 
Roundup for September 5. The 
caption announced that one of 
three companies awarded contracts 


MACHINE DESIGN 





December 12, 1957 


For sturdy plastics... 





switch to high strength 


GREX 


GREX, new high density polyethylene, offers a com- 
bination of vastly improved properties that broadens 
sales potential for plastic fabricators and their 
customers as well. 

For example, GREX brings to industrial moldings 
impact and tensile strength far superior to many 
costlier molding materials. GREX-made hospital items 
that require sterilization and chemical cleaning, won’t 
wilt, stay like new. In refrigerator containers and 
trays, GREX stays brittle-free, demonstrating resistance 


*TRADEMARK FOR W. R. GRACE & CO."S POLYOLEFINS 


w.R. GRACE ¢& co. 
POLYMER CHEMICALS 
DIVISION 

Offices ai Plant 


a 
Clifton, N. J. Ghacts Baton Rouge, La. 


to extreme cold. GREX makes top-grade electrical 
insulation. Film made from GRExX features good ‘slip’ 
and is suitable for high speed packaging. It is easily 
heat sealed and is an effective moisture barrier. 

Toughness, durability, boilability—learn how these 
and other improved properties of GREX can help you 
turn out better made, faster selling plastics! Mail 
the coupon today! 


W. R. GRACE & CO., POLYMER CHEMICALS DIVISION. DEPT. 90 


225 Allwood Road, Clifton, New Jersey 


Please send more information about new GREX plastic. 


I am interested in these uses: 


NAME 
COMPANY 
ADDRESS 


CITY 
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Cold Heading 
Cost Savings 


Actual Cost Cuts 
As High As 70% 


The most important consideration 


we can point out to the designer or | 


purchaser of fasteners and small 
parts is that any part which can be 
machined from rod stock is also po- 


tentially available from the cold | 


heading manufacturer. This tech- 


nique offers speed of production, | 


without scrap loss, plus superior 


strength and appearance for low cost | 


and high design efficiency. 


The designer need not be restricted 
to standard fastener sizes when they 
do not meet the requirements of his 
application. It is often much less ex- 
pensive to specify a rivet, nail or 


screw to meet the task exactly as the 


application requires, than it is to 


compromise its function for the sake | 
of “standards.” While there is noth- | 
ing mysterious about the cold head- | 


ing process, experience has proved it 
to be of inestimable value for getting 
maximum quality and output at a 
minimum cost. While the really spec- 


tacular advantages in cost show up in | 


runs of several thousand pieces, we 
are also able to take care of short run 
requirements. We welcome and ex- 
pect manufacturers to come to us for 
advice and assistance concerning 
their fastener problems. 


Given complete specifications, in- 
cluding a drawing and an idea of the 
application, we can quickly tell you 
whether or not it will be advanta- 
geous to have your fastener or part 
JOB-DESIGNED by HASSALL. 
The remaining important aspect of 
our service to you is the ability to 
get into production quickly and 
make prompt shipment. 


Write for a copy of our new book- 
let, “What the Designer Should 
Know abcut Cold Heading”. 


John Hassall, Inc. 


P.O. Box 2197 


Westbury, Long Island, N. Y. 
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for these craft was Piasecki Heli- 
copter Corp. It should have been 
Piasecki Aircraft Corp. 


Machine Design 
Announces Promotion 


CLEVELAND—Frank M. Butrick has 
been named an associate editor of 
MACHINE DESIGN. He has been an 
assistant editor since August, 1956. 
Mr. Butrick was previously a proc- 


Frank M. Butrick 


ess engineer at Lobdell-Emery Mfg. 
Co., Alma, Mich. He is a member 
of the American Society of Tool 
Engineers, American Welding So- 
ciety, American Electroplaters’ So- 
ciety, and American Society of 
Naval Engineers. 


AND EXPOSITIONS 


Fourth National Symposium on 
Reliability and Quality Control in 
Electronics to be held at Hotel 
Statler, Washington, D. C. Spon- 
sors are American Institute of 
Electrical Engineers, Institute of 
Radio Engineers, American Soci- 
ety for Quality Control, and Radio- 
Electronics - Television Manufac- 


turers Association. Additional in- 
formation can be obtained from 
Mr. W. H. Rombackh, Chief Quality 
Control Engineer, Philco Corp., 
4700 Wissahickon Ave., Philadel- 
phia 44, Pa. 


Jan. 13-17— 

Society of Automotive Engineers 
Inc. Annual Meeting and Engi- 
neering Display to be held at the 
Sheraton-Cadillac and Statler Ho- 
tels, Detroit. Further information 
is available from SAE headquar- 
ters, 485 Lexington Ave., New 
work 25,°N. %. 


Jan. 27-30— 

Plant Maintenance and Engi- 
neering Show and Conference to 
be held at the International 
Amphitheatre, Chicago. Addition- 
al information can be obtained 
from Clapp & Poliak Inc., 341 Mad- 
ison Ave., New York 17, N. Y. 


Jan. 28-31— 

Institute of the Aeronautical 
Sciences. 25th Annual Meeting to 
be held at the Sheraton-Astor Ho- 
tel, New York. Further informa- 
tion is available from IAS head- 
quarters, 2 E. 64th St., New York 
a 


Feb. 2-7— 

American Institute of Electrical 
Engineers. Winter General Meet- 
ing to be held at the Hotel Statler, 
New York. Additional informa- 
tion can be obtained from insti- 
tute headquarters, 33 W. 39th St., 
New York 18, N. Y. 


Feb. 4-6— 

Society of the Plastics Industry 
Inc. 13th Annual Technical and 
Management Conference of the Re- 
inforced Plastics Div. to be held 
at the Edgewater Beach Hotel, 
Chicago. More information is 
available from society headquar- 
ters, 250 Park Ave., New York 17, 
mo 


Feb. 13-15— 

National Society of Professional 
Engineers. Spring Meeting to be 
held at Michigan State University, 
East Lansing, Mich. Further in- 
formation is available from NSPE 
headquarters, 2029 K St. N. W., 
Washington 6, D. C. 


MACHINE DESIGN 


















IMPROVE MACHINE TOOL 
PERFORMANCE 


—with Westinghouse components 





TN 


Pin 


Stamping press performance improved at this plant when they used 


Westinghouse DY NAC braking control to reduce stopping time 95 percent. 
MP-3057-1 


you CAN BE SURE...IF its Westinghouse = Ws 
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Westinghouse Cypak static control reduces maintenance costs in form-grinding automotive transmission parts, 


THESE COMPONENTS 
OFFER IMMEDIATE ANSWERS 


...for more dependable operation 
... for quicker stopping... for faster duty cycles 


You don’t have to wait for electrical answers in making 
machine tool improvements or modifications. Out- 
standing design and improvement in Westinghouse 
control components, systems and drives help designers 
and their customers to act now. 

For example, Westinghouse DYNAC® braking con- 
trol, cover photo, reduces press stopping time 95 
percent. The eight minutes it previously took to stop 
the heavy flywheel on this press have been cut to just 
24 seconds with DYNAC. This operation is now 
getting the fastest, smoothest stops possible to in- 
crease production. 

Cypak* static control, above, has already outlasted 
conventional relays previously used on form grinders 
at a large automobile manufacturer’s plant. No down 
time for control maintenance has been necessary on 
this highly repetitive operation in over 17 months. 
*Trade-Mark 


Westinghouse Life-Line® ““H” Motors, right, make 
possible faster, smoother reversing cycles to save pro- 
duction time. Westinghouse reduced armature inertia 
up to 55 percent and increased commutating ability 
35 percent to provide in the Life-Line ““H” Motor the 
fastest d-c motor response available to improve ma- 
chine tool performance. 

Westinghouse right-angle gearmotor, right, delivers 
up to 195 percent more torque capacity than conven- 
tional single-reduction worm gearmotors between 9:1 
and 60:1 speed reduction ratios. It’s the result of more 
efficient, double-reduction gear train. You'll find West- 
inghouse packaged motor-reducer drives offer rugged 
dependability, too, for improved machine performance. 

Developments like these help you design and build 
machine tools that answer your customers’ needs for 
increased productivity at lower cost. Whatever the 
function you want performed . . . sensing, transmitting, 
recording, computing, control or driving . . . think of 
Westinghouse componeiis first! MP-3057-2 


YOu CAN BE SURE...1F is Westinghouse 
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Life-Line® ““H” Motors with silicone insula- 
tion achieve up to 55 percent reduction in 
armature inertia by reducing armature size, 
as shown by the silhouette above. New con- 
trolled ventilation system makes this reduc- 
tion possible. With commutating ability 
increased 35 percent, the Life-Line ““H” 
assures faster reversing performance. 


Push-lite pushbuttons combine the functions 
of both a pushbutton and indication light 
in one unit. One push transmits the signal 
and energizes the indicating light. Push- 
lites are oiltight— part of the complete 
Oil-Tite* line of 1,500,000 pushbutton con- 
trol arrangements available from stock. 
*Trade-Mark 


Either Westinghouse gearmotors or pack- 
aged motor-reducer drives save design time 
with a wide selection in horsepower, speed 
ratios, direction of power take-off, mounting 
and coupling methods. MP-3057-3 
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Add experienced manpower to your machine tool 
Ww ESTI Ny G HU USE projects by simply calling your local Westinghouse 
representative. Whether you have a problem in drive 
system design, in component development or in manu- 
SERVI CES facture and assembly, Westinghouse facilities provide 
economical ways to get the answer on schedule. 
Westinghouse research . . . field engineering service 
AN p FACI L| TI ES ... local manufacturing and repair plants . . . renewal 
parts stocks . . . are all ready to extend you service in 
any situation. 
ARE FLEXIBLE And when you select Westinghouse components, 
your customers will recognize electrical leadership. 
You'll benefit from one-supplier responsibility for 
products of outstanding quality, backed by more than 


HELP YOU FROM 70 years of electrical experience. Westinghouse Electric 
Corporation, 3 Gateway Center, P. O. Box 868, 


DESIGN BOARD TO TEST FLOOR Pittsburgh 30, Pennsylvania. MP-3057-4 
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you CAN BE SURE...iF its Westinghouse jwi 


Westinghouse serves these 0. E. M. industries . .. with these components 


* Air conditioning * Motors—gearmotors 

* Adjustable-speed drives 

* Gearing 

* Controls—relays—circuit breakers 
* Semiconductors 


¢ Appliance 
* Communications—electronic 
* Electric apparatus 
¢ Fan and blower 
* Machine tool * Cypak* Re 
* Materials handling . Magamp* magnetic amplifiers 
* Rectifiers 
* Paneiboard end switchboard * Heating elements—thermostats 
* Prime mover equipment ° Transformers 
« Pump and compressor * Instruments 


* Miscellaneous machinery * DYNAC® magnetic braking 
*Trade-Mark 
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4-Way 

Twin Solenoid 
Pilot-Operated Valve 
Patent Pending 


SLEEVE TYPE VALVES GIVE BETTER CONTROL 


OTHER RACINE 


3 = P ‘ HY UL DUCT 
Proper control of oil flow improves the operation of your machines. DRAULIC PRODUCTS 


MODEL Q 
Variable Volume 
Vane Type 
Hydraulic Pump 


RACINE Sleeve Type Valves are designed with round drilled parts 
that assure smooth, control of oil to cylinders and fluid motors. 


These RACINE Valves are provided with dust-proof solenoid covers 
— a pending patent includes a RACINE feature that prevents sole- 


PRESSURE BOOSTER 08 OE ees 
Up to 5000 psi 
Up to 7:1 pressure ratio '?, 


noid operation and injury to operator when covers are removed or 
loose. 


Built to J.1.C. specifications RACINE Valves are approved for use in 
all critical applications. They are precision-built, compact, and 
rugged in design. Operating pressures to 2000 psi with full back 


FLUID MOTOR 


Vane Type 
50 to 3500 rpm 
pressure on exhaust port. Pressures to 1500 psi 


Your machine will operate better, with less maintenance because of 
longer life of RACINE Sleeve construction. Write today for com- 


R 
plete catalog showing why “Sleeve Type Valves give Better Control.” granary” 


With Control Panel 
Designed to your space 
and circuit requirements 


RACINE HYDRAULICS & MACHINERY, INC. 
2073 Albert Street 
RACINE, WISCONSIN, U.S. A. 
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Can a man 
be an expert 
in everything? 





T’S SAD BUT TRUE that the product design engi- 
] neer of today has to be a many-faceted expert. 
He has to be an engineer and a materials expert 
and a production expert. He has to be well up on 
purchasing fundamentals, plus the elements of 
cost accounting. 

There is one design responsibility from which 
we can give you some relief, though. That is the 
selection of springs. Spring design is a field unto 
itself, and, although we'll be glad to give you 
mountains of interesting information on the sub- 
ject, why concern yourself with it? We'll do the 
work for you. 

AS&W spring engineers will gladly work with 
you to select the right combination of spring 
characteristics that will do the job well. Most im- 
portant: they may be able to suggest a slight 
design change that will drastically lower the cost 
of the spring. 

Just call your nearest AS&W representative. 


AMERICAN STEEL & WIRE DIVISION 
UNITED STATES STEEL 
GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBiA-GENEVA STEEL DIVISION, SAN FRANCISCO, 
PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., 
SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


| USS AMERICAN 
QUALITY SPRINGS 
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ICKERS 


Magneclutch® 








c 


CUTTERS 


solves difficult 

tension control problem 
in slitting machine 
operation 


° —_ : Rollers B, C and D pull the material from 
This specialized machine by Gude- the unwind roll and establish the speed at 


man Company of Chelsea, Michigan, slits which the material flows through the 
mil-thick materials such as paper and machine. The torque transmitted by the 
metal foil for use in capacitors Magneclutch establishes the tension in the 
As the feed roll is unrolled, slit and the diameter of the windup roll increases, 


rewound, the tension on the material as the clutch slips automatically, permitting 
it passes through the slitting knives and the material to wind up at a constant speed 


rollers must be accurately controlled, to and tension. 
assure uniform rewinding and to prevent 


material between roller D and roller G. As 





strains, breakage or snarling. 

The manufacturer was able to obtain 
this necessary tension control independ- 
ent of speed only with the Vickers Magne- 
clutch, after mechanical clutches had 
failed because of changing characteristics 
and difficulty in adjusting to changing 





tension demands. 





This, of course, is only one of many 
practical uses for the Magneclutch, the 
magnetic particle clutch that provides 
smooth operation without grab or chatter, 
torque at zero slip, fast response, and 
long life because there’s no wear on 
torque transmitting surfaces. 


Write for complete information 
and literature. 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1881 LOCUST STREET « SAINT LOUIS 3. MISSOURI 
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WORTHINGTON QD SHEAVES —THE ORIGINAL 2-PIECE DESIGN 











Rim slips over hub - —not shaft 











EASY ON! 


Only Worthington QD sheaves have the exclusive two-piece design that lets you 
install the sheave one part at a time. No heavy rim and hub combination to del- 
icately inch into place. The QD’s tapered hub slides easily on the shaft, locks 
with a cap serew for permanent alignment. A set screw locks the key in place. 


Sheave pulls up tight with heat-treated bolts.5 WORTHINGTON 


7/1), 
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NEWEST MOTOR TO CARRY UNDERWRITERS’ LABEL 


; 


"EXPLOSION 
se PROOF 





FAIRBANKS-MORSE 


All new inside and out—new, rugged frame design 
EXPLOSION PROOF . .. for new, improved performance in all Class I, 
Group D, and Class II, Group E, F and G hazardous 
locations. 
Get full information . . . send for Bulletin 1200 on new Fairbanks- 
Morse line of totally enclosed, explosion-proof motors. Write today: 
Fairbanks, Morse & Co., Dept. MD-12-12, Chicago 5, Il. 


cn FAIRBANKS-MORSE 


a name worth remembering when you want the BEST 


ELECTRIC MOTORS AND GENERATORS e« DIESEL LOCOMOTIVES AND ENGINES « PUMPS « SCALES « RAIL CARS e HOME WATER SERVICE EQUIPMENT « MAGNETOS 
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WORTHINGTON QD SHEAVES —THE ORIGINAL 2-PIECE DESIGN 
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Rim slips off hub—not shaft 2 : 





EASY OFF! 


Loosen the big bolts, use two for jack screws and the sheave practically comes 
off by itself! To change speed it’s a simple matter to mount a larger or smaller 


sheave on the hub which remains aligned on the shaft. This easy on, easy off 
feature is the big advantage of Worthington QD sheaves—the only design that 


lets you install or remove one part at a time. WORTHINGTON 
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Crucible controlled shot-peening imposes a negative stress on 
the surface that offsets positive stresses set up in service. Result: 
a truly fatigue resistant spring that outlasts conventional ones. 
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How 


CRUCIBLE FATIGUE RESISTANT SPRINGS 


are made stronger to last longer... 


First, every Crucible fatigue resistant industrial spring 
is shot-peened. It’s the best way to insure high fatigue 
resistance under rugged operating conditions. And it 
makes the spring stronger by eliminating stress concen- 
tration points that could lead to spring failure. 

But, most important, Crucible gives you full measure 
of the two factors upon which good springs depend: 
good spring design, and fine steel. 





In addition to Crucible’s staff of proven spring design- 
ers and spring makers is Crucible’s years of experience 
in fine steel making—from ore to finished spring. When 
you have a spring application, let an experienced Cruci- 
ble spring specialist suggest the best spring for it. And 
write for a free copy of the “Handbook of Coil Spring 
Design”. Spring Division, Crucible Steel Company of 
America, McCandless Avenue, Pittsburgh 1, Pa. 


|CRUCIBLE| spring division 





Crucible Steel Company of America 
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WORTHINGTON QD SHEAVES —THE ORIGINAL 2-PIECE DESIGN 
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loosen it 


~ ALWAYS TIGHT! 


Severe shock overloads or reversing applications cannot loosen a Worthington 
QD sheave. The secret is the two-piece construction with the vice-like grip. 





Tightening the pull-up bolts forces the tapered hub to securely lock the shaft 
as tight as if the sheaves were integrally cast with the shaft (comparable to a 
press fit.) To keep the key from drifting, the set secrew—another Worthington 
exclusive—anchors it in position. GTON 
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Appliance clutches: 


How Armstrong resilient facings 
cut costs and extend service life 


Five resilient facings with a total area of less than 
three square inches helped General Electric reduce 
unit cost and increase service life of the clutch in its 
two-speed Filter-Flo* washers. 

Four of these facings are attached to the carrier 
plate shown above and engage centrifugally. For this 
application, General Electric engineers wanted a ma- 
terial with a high coefficient of friction to provide 
positive engagement under minimum closing pressure. 
In addition, it had to be a material that could be 
depended upon for years of trouble-free performance. 

Armstrong NC-733 met these requirements and re- 
duced costs as well. The fifth facing, when activated 
by a solenoid, engages the rim of the carrier plate, 
putting the clutch in “low.” Here, NC-733 created the 
necessary holding torque under so little pressure that 


Drum 


a small, inexpensive solenoid and linkage system 
could be used. 

In thousands of General Electric Filter-Flo washers, 
Armstrong NC-733 friction material is now helping to 
provide efficient clutch operation. 

This is one of many Armstrong resilient facings 
being used in hundreds of applications—from sensi- 
tive laboratory instruments to earth-moving equip- 
ment. Perhaps one of these materials can cut costs and 
improve performance in your product. 

Send for free booklet 

A new booklet describing our full line of resilient 
facings will soon be available. Write today and reserve 
vour copy of “Armstrong Resilient Friction Materials.” 
Address Armstrong Cork Company, Industrial Divi- 


sion, 7212 Dean Street, Lancaster, Pennsylvania. 
*Trade-mark Registered by General Electric Company 


(Armstrong RESILIENT FRICTION MATERIALS 
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... used wherever performance counts 
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WORTHINGTON QD SHEAVES —THE ORIGINAL 2-PIECE DESIGN 
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# drive combinations ~ 
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COMPLETE STOCK! 


You ean get Worthington QD sheave stock service anywhere in the U. S. A. 
More than 350 distributors stock Worthington sheaves and Worthington-Good- 
year V-belts. In 18 giant factory warehouses alone there are over 250,000 units 





in stock from fractional hp sheaves to 1,000 hp giants. For your free copy of 
a 100-page Multi-V-Drive Manual that enables you to select the right sheave 


and V-belt in 3 minutes flat write to Section wo RTHIN G TO ey 
MV-74, Worthington Corp., Harrison, N. J. 


S54 eS 
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Announcing —the new, improved 


New sturdier construction! New heavier jacket! Im- 
proved Sealtite* E.F. offers new superior performance 
in equipment... new installation ease. No extra cost! 


Sealtite Type E.F.t—the original flexible, liquid-tight 
conduit, first to meet J. I. C. standards—is now better 
than ever. New design has made it stronger, tougher, 
more durable in service . . . easier to install. 


Over-all construction is improved. Heavier extruded 


PVC jacket offers greater resistance to abrasion, cut- 
greater oil resistance ... greater 
holding power for fittings. 


ting and tearing... 


It is more flexible—permits smaller bending diam- 
eters. New convenient markings save time, prevent 
waste. Length is indicated by arrows at 1-foot inter- 
vals. Trade size in inches is also shown on cover. 


Available in handy cartons, or nonreturnable reels, 


MACHINE DESIGN 











STRONGER. Over-all construction is stronger, TOUGHER. Thicker PVC jacket resists abra- MORE OIL RESISTANCE. Liquid-tight jacket 


more durable. sion, cutting, and tearing. keeps out all foreign matter. 


GREATER HOLDING POWER FOR FITTINGS GREATER FLEXIBILITY — smaller bending di- NEW MARKINGS — length and trade size are 


— easier attachment. ameters — smoother cover even when flexed. indicated at 1-foot intervals. 





Sealtite E. F. flexible, liquid-tight conduit 


at no extra cost. Reels simplify handling and cutting, /ns/st on the conduit marked 
reduce scrap, simplify storage, have handy charts for 


a running inventory. 
Sealtite types E.F. and U.A. (U.A. is approved by E Li | | | 
Underwriters’ Laboratories) in both black and ma- 


chine tool light gray. For information, write: The J 
American Brass Company, American Metal Hose Di- AN CON DA 
vision, Waterbury 20, Conn. — etrademark +Pat. Appited For si99 «|S IN & product 
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If you’re miniaturizing ... you'll save space, time an: 
money with Allen Minicaps and Minisets (#0 thru #3 dic.) 


These miniature Allen Hex Socket Cap 
and Set Screws will let you scale down 
your product sizes even farther. 
They’re made from Allenoy special 
alloy steel—so strong that you can 
safely specify fewer screws or smaller 
sizes. 


Allen Minicaps and Minisets are tiny, 
but very tough! —true Allens, with 
deep, clean, strong sockets and uni- 
form Class 3A threads, Minicaps have 
the Allen knurled “Grip-Head” and 
are trimmed both on top and under 
the head, for tighter fit and better ap- 
pearance. Minisets have the improved 


small-cup Allenpoint that drives 
deeper and holds tighter. 

Because sockets are uniformly true 
hexagon shape, the key or driver fits 
tight —- makes starting much easier, 
saves a lot of time in assembly. 
Diameters of these miniatures run 
from #0 through #3. Minicap lengths 
run from %” through 2”, and Miniset 
lengths from \%.6” through %”, Also 
standard in stainless steel, Your In- 
dustrial Distributor has them now. 
He'll show you why these Allens — 
like all Allens — hold tighter and last 
longer. Or write for information and 
samples. 


Stocked and sold by leading industrial distributors everywhere 


ALLEN 
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Use Minicaps and Minisets 
wherever you need depend- 
able fastening in very small 
assemblies: 


TV, radio and telephone equip- 
ment @ Guided missiles, rockets 
e Panel meters e Electro-me- 
chanical devices and servo-sys- 
tems ¢ Computers @ Control and 
operating mechanisms for relays 
@ Cameras e Instruments 





MANUFACTURING COMPANY 
Hartford 2, Connecticut, U.S.A. 
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STAINLESS 
STEEL 
MAKES THE 
DIFFERENCE 


...1ts effect on the 
sale of new designs 























Dies gain prominence through 
the effectiveness and saleability of 
their work. The sales appeal of stain- 
less steel is a powerful tool for selling 
new designs. It has turned many .de- 
sign ideas into profitable products. 

The recognized merits of stainless 
steel, such as strength and corrosion 
resistance, make it equally “right” for 
housewares, jet engine parts, or chem- 
ical equipment. These qualities plus 
a variety of finishes have put stainless 
into planes, trains, cars, cafeterias, 
and scores of other places. 

For more facts about stainless steel 
see your supplier. For a free copy of 
“Stainless Steel in Product Design” 
write: ELECTRO METALLURGICAL 
COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, 
New York 17, N. Y. 


METALS DO MORE ALL THE TIME 
++» THANKS TO ALLOYS 


x This 40-page book will give you 

lectro met important facts about selecting 

pcmcia tg >. and applying stainless steel. Write 
for it today. 








Bi Sites.) 


CARBIDE 


The terms “Electromet”’ and ‘“‘Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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Aria ONE OF THESE 
ag provlem? WILLDO 


Really Small in 
Size and 
Cost! 


for applications 
requiring 
shorter timing periods, 
+15% accuracy and 


no interlocks Write tor Timer Bulletin 9050 


Address Square D Company, 
4041 North Richards Street, Milwaukee 12, Wisconsin 


now...EC&M propucts ARE A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 


MACHINE DESIGN 





SQUARE D TIMERS 
YOUR JOB... 


for applications 
requiring 
timing periods 
up to 3 minutes, 
maximum accuracy and 
1 or 2 instantaneous 
interlocks 
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" 


TYPES 


Machine Tool 
iiclaletslas 
for More than 

4 20 Years! 


Za 


oe 


COMPARISON TYPE A TYPE B 





Timing Period .2 to 1 min. .2 to 3 min. 
Accuracy +15% +10% 
Interlocks None Max.2 Double Circuit 


Panel Space 2%" x 4” 21"x 7%" 


Convertible Y. y 
Delay-On + Delay-Off ” as 
Maximum Voltage, AC-DC 600 V. AC only 600 V. AC + 250 V. DC 
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“reameees« CONTROLS 


for DURABILITY... 


CONSULT 


WATERMAN 


Waterman controls are known for their 
accuracy, dependability, safety, and low 
maintenance cost. 


Adjustable Flow Regulators range from 0.5 GPM to 20 
GPM. They maintain a constant rate of flow regardless 
of resistance or pressure fluctuations. 


No. 1 Check Valves are one piece, Nylon Poppet, aluminum body and low 
pressure drop. 


No. 2 Micronic Line Filters have operating pressures to 3000 psi, 40 micron 
filtration, replaceable elements, and are available in %” and %” NPT. 


No. 3 Solenoid Valves are inexpensive, com- 
pactly built units for hydraulic systems han- 
dling non-corrosive fluids. Capable of con- 
tinuous operation for working pressure to 
3000 psi. 


No. 4 Unloading Valves fo 3 
pressures to 3000 psi. Flo i 
rates to 30 GPM. Fast actin ed 


maintain desired pressure 
without continuous readjust- 


ments. 
Send for 


Bulletin E a Write for data. 
‘ on any of 
these 
WATERMAN products 


wie leg etter Be Sh dvrees, 
» 


N ar, Bo. * o% oes 





‘a bd ? 3 at s™ ‘ J aa” 
x TP Fe re! ¥ 
~ eee s ° Ag ee oe Cte ove ee 3 3 


WATERMAN ENGINEERING COMPANY 


725 CUSTER AVENUE EVANSTON, ILLINOIS 
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EGoodrich Rivnuts 





New Seal-Head Rivnut simplifies 
integral wing tank assembly 


RUMMAN ENGINEERS wanted to 
G use integral wing tanks to stretch 
the range of their F11F-1 Tiger. Fuel 
tank walls would be the single top and 
bottom aluminum skin panels that form 
each wing. The problem was to find a 
blind fastener that could join the wing 
sections tightly enough to withstand 
the strains of supersonic flight and still 
prevent loss of fuel. 


Working with Grumman, B.F.Good- 
rich engineers solved the problem by 
developing a Seal-Head Rivnut with 
rubber “O” ring, approved for primary 
structure. The cross section above shows 
how it works. 
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The new B.F. Goodrich Seal-Head 
Rivnut is a precision-ground steel 
fastener with high tensile strength. In- 
stalled in a drilled and countersunk 
hole, the Rivnut actually rivets the 
sections together. The “O” ring makes 
a fuel-tight seal and withstands tem- 
peratures from —65° to 225°. Then a 
special screw, available in tensile 
strengths up to 165,000 p.s.i., is screwed 
into the Rivnut to further reinforce and 
secure it against strain and vibration. 


Whatever your fastening problem, 
write Department MD-127, 


SEND NOW FOR FREE 
DEMONSTRATOR <a 
Shows with mo- (a Sr 
tion how you can aw 

use Rivnuts in 

aircraft fastening 

jobs. Explains 
construction,sim- 

plicity of instal- 

lation. Send for 

yours today. 


B.EGoodrich 





B.EGoodrich Aviation Products 


a division of The B. F. Goodrich Company, Akron, Ohio 
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Just place and trace # 


Now you can trace right at the drawing 
board, and save precious minutes with 
PORTA-TRACE®—the thin, lightweight 
tracing box that comes to you. 

Simply pick it up ... place it on your 
board .. . flick a switch and you’re ready 
—in seconds! 

Only 1% inches deep, PORTA-TRACE 
can actually be used under the straight edge 


A Division of General Aniline & Film Corporation 
In Canada: Hughes Owens Company, Ltd., Montreal 
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Lightweight, portable tracing unit is only 1% inches thin 


of your drafting table! Its flush top permits 
use with drawings larger than unit itself. 
Strong Plexiglas top is enclosed by rugged, 
long-life stainless steel frame. Available in 
four sizes up to 24” x 36”. 

Save drafting time and precious space 
with PORTA-TRACE. Call your local 
Ozalid representative or write Ozalid, 
Dept.GG12, Johnson City, N. Y. 


© py 47 -N Ei Dy 


Products for Design 
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LARGER» 
x DIAPHRAGM + 
wu AREA U7 


”- 
— = 


meet hanl 
Pleriiit] i. 


} 


LARGER 
\_ PASSAGES 2 
* 


a 





NON-CORRO 
AND GASES rcs 


SIVE LIQUIDS 





‘\ BALANCED 


S. VALVE |, 


aa 


GREATER ACCURACY 
BETTER PERFORMANCE 


oF, 


‘\ LARGER VALVE / 
@ IMPROVED ACCURACY OVER A WIDER © OPENINGS 57 
OPERATING RANGE sik? 
@ GREATER ACCURACY OF REGULATED PRESSURE even with widely 
fluctuating line pressure and rapidly varying flow. 
@ LARGER FLOW CAPACITY 
a. Balanced Valve Construction 
b. Greater Effective Diaphragm Area 
¢c. Improved Baffle and Siphon Performance 
d. Larger Passages 
e. Larger Valve Openings 


@ RELIEVING AND NON-RELIEVING TYPES AVAILABLE FOR AIR 


’ For complete information on all your regulator needs, 4%” to 2” inclusive, 
call your nearby Norgren Representative listed in your telephone directory — or 
WRITE FACTORY FOR LITERATURE. 


C.A.NORGREN CO. 


3442 SO. ELATI STREET © © @® ENGLEWOOD, COLORADO 
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MICRO SWITCH Precision 


«e. FIRST IN PRECISION SWITCHING 


Here are és, NEW 


Series of Precision Switches 
by MICRO SWITCH... 


Designed to meet modern electrical 


control requirements 
i 


MICRO SWITCH pioneered the development of 
precision switches... lt has been first in precision 
switching for two decades...These new switches are 
typical of MICRO SWITCH's continuing leadership. 


EW! LIGHTED PUSHBUTTON SWITCHES 
& 


+ PANEL 
ANOTHER +RA 8 


FIRST 


MICRO SWITCH 


nsLucen 





A typical compact assembly 
of switches in panei siot. Indi- 
cates choice of button color 
and number of circuits. 


Typical switch module 
(a 3-circuit design) 


* LARGE, EASILY ENGRAVED BUTTONS... 
EASILY INSTALLED IN COMPACT ASSEMBLY 


® THREE TYPES OF ILLUMINATED SIGNAL 
®* WIDE CHOICE OF CIRCUITRY 


Exploded view Series 100 PB 
ewitch showing button and 
mounting means. 


70 





MICRO SWITCH Series 100PB Lighted 
Pushbutton Switches provide a neat, 
good looking panel. Their compact 
mounting allows more switches per 
panel. 

Because separate terminals are pro- 
vided for each lamp and for each 
element of the contact structure, 
these switches permit intermixing of 
voltages, a-c or d-c current and even 
combinations of opposing polarities. 


Three types of illuminated signals 
are provided: (1) one-color buttons, 
(2) two colors (lighted singly or in 


combination) and (3) choice of either 
of two colors—neither of which is 
visible when button is not lighted. 


Buttons are large enough to allow 
two lines of clearly legible engraving. 
The switch assemblies are easily 
mounted, either individually or in 
strips, by cutting a single slot in the 
panel. 

Matching indicating lamp assemblies 
are available with the same button 
and lamp combinations and same 
means of mounting as the complete 
100PB switch assembly. 


(Send for Data Sheet 143) 
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Switches have uses unlimited H! 


MICRO SWITCH 
“Rocket Switch’— 

a rugged, sealed small 
switch for indicating 
and lockout devices 


Developed for use on rocket 
launchers, this MICRO SWITCH 
21AS2 assembly fits the needs of 
many industrial designs. 

. The assembly consists of one SPDT 
Type-EN switch attached to a rugged cam-type ac- 
tuator. The assembly is environment-proof and 
withstands the highly-corrosive effects of rocket pro- 
pulsion gases. The assembly will withstand heavy 


impact hammer blows on the actuator. 

(Send for Data Sheet 120) 
SWITCH CHARACTERISTICS 
Operating force—6 to 12 lbs. Full overtravel force—10 lbs. min.; 
Release force—4 lbs. min. 
Electrical Data: 28 vde rating: inductive, 3 amps. at sea level 
and 2 amps. at 50,000 feet; resistive, 4 amps. at sea level and 
50,000 feet; inrush, 24 amps. at sea level and 50,000 feet. Motor, 
4 amps. at sea level and 50,000 feet; inrush, 24 amps. at sea level 
and 50,000 feet. (Altitude ratings established with seal deliber- 
ately broken.) 


NY LZ | 
NEW! 


MICRO SWITCH Magnetic 
Hold-in Lighted Pushbutton 
Provides Three Functions 





MICRO SWITCH lighted pushbutton 
switch combines the functions of a 
three-pole double-throw pushbutton 
switch, indicating light, and holding 
relay into one compact unit which panel mounts on 
one-inch centers, both horizontally and vertically. 
Thus, the cost, wiring, maintenance and added 
space of these separate components are eliminated 
. .. A 28-volt de solenoid is incorporated into the 
switch shaft. After the button is manually operated, 
the solenoid holds the switches in the operated po- 
sition until electrically released. This feature gives 
the designer complete freedom in panel layout by 
eliminating the restrictions found in conventional 
mechanical release designs. (Send for Data Sheet 128) 


SWITCH CHARACTERISTICS: 
Operating force—35 oz. max. Pretravel—.050 in. approx. Total 
travel—.090 in. max. Three subminiature switches are SPDT. 
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MICRO SWITCH 
three-position 
toggle switch—4 SPDT circuits with 


a single lever 


MICRO SWITCH 115AT Series of toggle switches uses four 
SPDT switching units. Two units are actuated in each 
extreme toggle lever position. None are actuated 
when lever is in center position. 

Many different combinations, however, may be ob- 
tained, including the make and break of circuits in all 
three lever positions. 

Outstanding features of this series include the compact 
design, positively-driven switch actuators and sturdy 
construction. A safety catch guards against accidental 
movement of toggle lever. (Send for Data Sheet 134) 


SWITCH CHARACTERISTICS 

Electrical rating at 30 vdc: inductive—10 amps. at sea level, 6 amps. 
at 50,000 ft.; resistive—10 amps.; motor—6 amps. Basic units listed 
by Underwriters’ Laboratories for: 10 amps. 125 or 250 vac; 4 amp. 
125 vde; % amp. 250 vdc. 


MICRO SWITCH 
“typewriter” pushbutton 
switch for manual 
keyboard control 


MICRO SWITCH 1PB81-T2 switch is 
ideal for one-finger rapid-repeat operation such as is 
required for the type of keyboard control found in 
electric typewriters, adding machines, etc. The repeat 


- action is as rapid as the fastest operator can push 


the button. 

This switch uses a SPDT MICRO SWITCH subminiature 
switch for snap-action reliability. The contoured but- 
ton and unique overtravel spring combine to reduce 
operator fatigue. Operating ‘“‘feel,’’ however, is suffi- 
cient to avoid mistakes and false actuations. 
Removable % in. dia. plastic button is available in 
red, green, off-white or black. It is keyed to prevent 
rotation. (Send for Data Sheet 125) 


SWITCH CHARACTERISTICS 


Electrical rating at 30 vdc: inductive—3 amps. at sea level and 
50,000 ft.; maximum inrush—15 amps. Basic subminiature switch 
is listed by Underwriters’ Laboratories at 5 amps. 125 or 250 vac. 


MICRO SWI 


- ADIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


In Conado, Leaside, Toronto 17, Ontorio + FREEPORT, ILLINOIS — 
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We would like to say that we are 
very well pleased with the "Buffalo" 
Fans we are using on our tunnel kiln 
installations. The "NV" Propeller 
Fan which Buffalo Forge designed for 
us for our drier operation is 
undoubtedly the best fan of this 
type we have used. 


— from a leading manufacturer who builds “Buffalo” 
Fans into his products (mame on request) 


».-and here's why 


“BUFFALO’ FANS WILL SUIT YOU, TOO 


@ HIGH EFFICIENCY | © STABLE PERFORMANCE © COMPLETE SELECTION @ “SPECIAL” FANS 
© QUIET OPERATION © DESIGN FLEXIBILITY @ “Q” FACTOR* RELIABILITY = ENGINEERED-TO-ORDER 


At left — “Buffalo” — 
Type “‘BL’’ Fan mov- 
ing 14,000 cfm waste 
heated air from Tun- 

nel Car Kiln to dryer. 


At right — One of 3 
“Buffalo” Dryer Re- 
circulating Fans on 
Car Kiln. “Buffalo” 
“NV” Propeller Wheel 
mounted on end of 
shaft projected thru 
kiin wall. 


INQUIRIES CONCERNING YOUR AIR HANDLING PROBLEM ARE INVITED. 


*The “Q” Factor — the built-in Quality which provides 
trouble-free satisfaction and long life. 


BUFFALO FORGE COMPANY 


BUFFALO, N. Y. 


Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 








‘ee 
“Buffalo” Volume Fans i “Buffalo” Belted Vent “Buffalo” All-Welded 
for blowing, exhaust- 7 Sets are light-weight Industrial Exhausters 
ing jobs up to 10” 4 “‘packages’’ for small- handle any materials 
S.p., have moisture- 1 wa system ventilation. Suitable for a pneu- 
proof cast iron hous- ES pt Sere 2 Highly efficient and matic system. Heavy 
ings, dust-proof ball . ; : quiet. Write for Bul- steel plate wheels 
bearings. ‘ oe letins. and housings. 


ee 4 
VENTILATING AIR CLEANING AIR TEMPERING INDUCED DRAFT EXHAUSTING FORCED DRAFT COOLING HEATING PRESSURE BLOWING 
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hoover locks lube in, dirt out 
for the lifetime of the bearing 


with contact 
seals of 4 


y | ee 
ay L E 


OTHER HOOVER 
QUALITY BALL BEARINGS: 


Hoover is first to seal ball bearings with TEFLON! Hoover : ‘ : 
makes sure that lube stays in, dirt stays away from the Ret matey ee 
smooth, mirror-like working surfaces of high quality Micro- ® Single and Double Shield 
Velvet neeeee go and = Honed Raceways. You get © Single Row Radial 
eatly extended bearing life. ae > 
o Why TEFLON for seals? TEFLON is the remarkable new © Combination Felt Seal and Shield 
product of chemistry . . . extra tough . . . extra long wearing 
. and so slippery that there is practically no torque e Cartridge 
resistance. Hoover seals are ingeniously engineered to main- 
tain positive contact and improve lube circulation. Perman- NEW! BULLETIN 
ently attached full metal shields lock the seals within the pete wa 
bearing, safe from damage. Hever Ractions 
Use Hoover Ball Bearings with single or double seals of with Seals of TEF- 
TEFLON for high speed applications, electric motors, or where- on. e' pty 
ever periodic lubrication or maintenance is not practical, pa sa a a 
as in sealed units. They are available in both light and 
medium series. Hoover Ball and Bearing Company 
Ann Arbor, Michigan 


® Double Row 


*TEFLON is DuPont’s Trademark for its Fluorocarbon Resins. Please mail my copy of Bulletin No. 100 on 
Micro-Velvet and Hoover Honed are Hoover Trademarks. Hoover Bearings with Seals of TEFLON. 


Name 


lhoower = 


BALL AND BEARING COMPANY Address 
ANN ARBOR, MICHIGAN City 
SALES OFFICE AND WAREHOUSE: 2020 SOUTH FIGUEROA, LOS ANGELES 7, CALIFORNIA 
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Note—Commercial and Military Packaging Engineers: 


LINK-LOCK 


...1§ the rugged answer to your exacting container closure problems 


LINK-LOCK plays 
an wmportant role 
in the design 
of this container 


Simmons’ LINK-LOCK provides pressure-tight, im- 
pact-resistant closure, plus quick closing and open- 
ing, on this reinforced fibrous plastic product made 
by the new automatic pre-form process developed 
by Pressurform Container Corp. The two-section 
container will be used by the Light Military Elec- 
tronic Equipment Dept. of General Electric Com- 
pany for shipping airborne radar jamming units 
to the Air Force. 


Of prime importance are the container’s light- 

ness, strength, rust- and mildew-resistance, ability Courtesy of Pressurform Container Corp., and the 
to withstand high pressures without distortion, LMEE Dept. of General Electric Co. 

ease of locking and opening, and low cost. 


Here’s why LINK-LOCK is ideal for use on military 
cases produced to exacting specifications as well 
as on inexpensive commercial containers: 


@® High closing pressure with light operating 
torque...insures pressure-tight seals where 
required. 

Impact and shock resistant (positive-locking). 

@® Compact design...lays flat against case even 
when unlocked. 

Available in 3 sizes, for heavy, medium, and 
light duty. 

Opening and closing by wing-nut, screwhead, 
or hex nut. 

Flexible engagement latch design...can be 
varied to suit different conditions. 


Also available! Spring-Loaded LINK-LOCK... ideal 
for less expensive containers where costs won’t 
permit precision production. Spring provides 
take-up to compensate for set in gasketing, irregu- 
larities of sealing surfaces, and mounting inac- 
curacies. 


Where does the versatile Simmons LINK-LOCK be- 
long in your design? For full information and 
specifications, send for LINK-LOCK DATA SHEETS 


today. Samples and engineering service available FASTE NER Cc oO R PO RATI ia me 


upon request. 1756 North Broadway, Albany 1, New York 
QUICK-LOCK SPRING-LOCK ROTO-LOCK LINK-LOCK DUAL-LOCK 
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MVEW HANNA FLO 


-PILOT VALVE has dirt-proof seal! 


Hanna Flo-Pilot Valves are 4" two- and three-way Pilot Valves for air operation to 
150 psi. They are used for remote control of master valves, directional control of small 
single acting cylinders and for shut-off. Same valve can be used for two or three-way 
operation either normally open or normally closed to inlet pressure. 


ANNA Flo-Pilot Valves will deliver years of 
H dependable performance at a very low cost 
because they have built-in money-saving features. 
Every Hanna Flo-Pilot Valve is equipped with a 
synthetic boot which seals the valve stem and 
internal parts from harmful dirt and abrasive, 
thereby eliminating the most common cause of 
valve failure. 

These protective boots, efficient “O” ring spool 
packing and nylon sleeves, are built into every 
Hanna Flo-Pilot Valve to save you money and 
assure leak-free operation even after millions of 
cycles. 

The five actuating-heads—push button, ball cam, 
hand lever, locking hand lever and mechanical link 


clevis—are interchangeable in a matter of seconds. 
Spools can be changed just as quickly without 
disturbing the piping. 

Corrosion resistant materials are used through- 
out. Flo-Pilot Valves have a simple, sturdy con- 
struction with anodized aluminum body, stainless 
steel and molded nylon parts. Valves can be 
conveniently mounted in any position and are 
furnished with brackets and fasteners. They are 
easy to operate, positive acting and 
have full capacity of 1” orifices. 

Ask your Hanna representative (see 
the yellow pages or Thomas Register) 
for complete information or write direct 
for Catalog 262, 


_. Hanna Engineering Works 


(#£) 


4 


SF 1751 Elston Avenue ° 
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HYDRAULIC AND PNEUMATIC EQUIPMENT... CYLINDERS... VALVES 


Chicago 22, Illinois 








“Only [arpenter Stainless Tubing gives us 
failure-proof service” 


The manufacturer of these four truly maintenance-free 
packless expansion joints (shown by arrows, above) 
has tried other stainless tubing, but says Carpenter 
Stainless Tubing is the ‘only one that renders failure- 
proof service’. 


These joints absorb thermal expansion, operating at 
pressures up to 210 psi and temperatures up to 650°F. 
They are typical of expansion joints made from 
Carpenter Tubing which operate at pressures up to 
10,000 psi or temperatures as high as 1800°F. Once 
installed, they have never been replaced. Some have 
been in service over 15 years. The quality and uniform- 
ity of Carpenter Stainless Tubing contributed greatly 
to the trouble-free fabrication and maintenance-free 
service of these joints. 
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If an extra measure of quality in stainless tubing and 
pipe can improve your products or operation, call your 
Carpenter Distributor. He’s your nearby source of 
better stainless tubing and pipe. 


The Carpenter Steel Company, 
Alloy Tube Division, Union, N. J. 


(Ott OSiog 
» "y, 


dear] * 
a 


Stainless Tubing & Pipe 
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WHATEVER THE APPLICATION 


you can improve your product with 


GRAMIX 


(PRODUCT OF POWDER METALLURGY) 


PRECISION FINISHED PARTS 


GRAMIX precision finished parts are improving products in 


virtually every branch of industry. A pump manufacturer, 
for instance, may specify a gasoline pump rotor made 
of GRAMIX and gain a number of advantages. 


To begin with, the alloys are carefully blended to meet 
his individual requirements. The GRAMIX parts are then 
die-pressed to exact shape, sintered under rigid control 
and finished to tolerances as close as .0005”. 

(This process, of course, costs far less than machining, 
forging or casting.) The manufacturer can expect the 
GRAMIX gasoline pump rotor to do a better job because 
all GRAMIX parts are precision engineered and precision 
controlled from alloying to finishing. 


No matter what the application may be, GRAMIX parts 
fit specifications exactly. Parts may be impregnated 


with oil... to insure a longer life and a quieter operation: 


if specified, the GRAMIX parts may be coined and work 
hardened, even prepared for plating. 


The rotor is only one of thousands of applications 

in which GRAMIX precision parts have proved to be 
ideal. Just a few of them are shown here, so consider 
the components of your products ... there may be several 
that could be improved ... with GRAMIX! Products 

of powder metallurgy you can rely on. 


Write today for factual 
Engineering Bulletin No. 21 
. we'll send your copy. 


| a ieteta) 


Hardened steel drive 
sprocket for lawnmower 


Iron switch control 


Rotor for gasoline pump 


Packing gland follower used 
in hydraulic system 


Bronze rotor in high 
speed fueling unit 


X-245-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, 


SAGINAW 7, MICHIGAN 


GRAPHITAR® carBon-craPHite © GRAMIX® pownERED METAL PARTS © MEXICAN® crapnite Prooucts © USG® srusnes 
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T0 PRODUCE QUALITY 
SOCKET SCREWS 
Cia e law «=A NITROGEN 
GENERATOR FORMS | 
A NEUTRAL ATMOSPHERE IN ‘ 
THIS CONTINUOUS HARDENING 
FURNACE 


With this modern equipment, every H-K socket screw is 
uniformly heat-treated and tempered to provide 
exact tensile and torque specifications at all times. 
By carefully controlling the furnace atmosphere, 
we produce the distinctive, black H-K finish. 


ite 
For the finest in socket screw products... for unmatched 


SAME-DAY SERVICE—the name to remember is Holo-Krome. 
Write for free catalog and technical information. 


BA 904, HOLO-KROME 
AP AON SOCKET SCREWS 


TORS THE HOLO-KROME SCREW CORPORATION e@ HARTFORD 10, CONN. 
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Now... in tolerance 
ranges to fit your | 
equipment needs... « 


Lasting corrosion protection tor valve 
stems in storage. Ordinary corrosion inhibitors 
fail to protect after the sacrificial] meta] is con- 
sumed. J-M No. 9 operates on an entirely differ- 
ent principle. Photograph shows how under 
accelerated tests, the sacrificial inhibitor (at left) 
failed after a few weeks bu: the valve stem protected 
by J-M No. 9 (at right) was clean months later. 
Specify J-M No. 9 inhibitor when you order J-M 
die-formed packing rings. 


J-M Die-formed 


Packing Rings for 


all process fluids 


Johns-Manville Die-Formed 


Whether you are designing a bath- 
room fixture or a high-pressure valve, 
you can now choose your packing 
rings with greater certainty of both 
maximum sealability and easy as- 
sembly. For Johns-Manville has 
grouped its die-formed packing rings 
into three tolerance ranges—dense, 
soft and metallic—to fit your equip- 


Packing Rings are precision-made 
for many fluid services including oils, 
tars, corrosives, solvents, fresh and 
salt water, steam to 1200 F, pres- 
sures to 4000 psi (on special valves to 
60,000 psi). Special J-M rings with 
controlled friction are made for high- 
grade plumbing fixtures. 


. . your Johns-Manville Packing 
Representative will be glad to give 
you lists and descriptions of the styles 
in each range and those with which 
the J-M No. 9 Corrosion Inhibitor 
(see right above) may be specified or 
is standard. Write Johns-Manville, 
Box 14, New York 16, N. Y. In 
Canada, Port Credit, Ontario. 


ment needs. Check the tolerance chart below 





JOHNS-MANVILLE DIE-FORMED 
PACKING RING TOLERANCES 


SOFT RINGS 
(including cloth rings) 


DENSE RINGS 


(including plastics) METALLIC RINGS 





o.D. 

+.000” 
—1/32” 
+.000” 
—1/32” 
+.000” 
—1/32” 
+.000” 
—1/32” 


o.D. Depth 


+.000” 
—.015” 
+.000” 
—.015” 
+.000” 
—1/32" 
+.000” 
—3/64" 


1.D. o.D. Depth 


+.008” +.000” 
—.000” —.008” 
+,008" +.000” 
—.000" —.008” 
+,008”  +.000” 
—000" —1/66° 
+.010" +.000" 
=—000° —1/32" 


Depth 1... 
+.008” 
—.000” 


+.008” 
—.000” 


+.010” 
—.000” 


+.010” 
—.000” 





to and incl. 2” O.D. 
+1/64" 1/64" + 1/32” 
Over 2” to and incl. 1” O.D. 


= | /32” +1/32” +1/32” 


Over 1” to and incl. 2%” O.D. 


ox | /32* + 1/32" & 1/32” 


Over 2%” O.D. 


ae 


PRODUCTS 


+ 1/32” += 1/32” + 1/32” 


Bevel (on all styles) + 5° when required 


Johns-Manville PACKINGS, GASKETS and TEXTILES 
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Three more nationally known 


manufacturers select Mueller Brass Co. 


Forgeable Bearing Alloys for vital 
components of their products 


In ever-increasing numbers, Mueller Brass Co. specialized alloys are being specified by manufacturers of top- 
quality products. In a series of continuing advertisements, we have presented case histories of successful applica- 
tions, to which we now add three more distinguished companies who are incorporating Mueller Brass Co. 
forgeable bearing alloys in their products to meet the demands of widely divergent operating conditions. 


U. S. Instrument Corporation, Charlottesville, Va., selected 
abrasive-resistant Mueller bronze alloy bushings for their 
remarkable telephone selector switches after exhaustive 
tests of ‘many materials. A vital communications link on 
today's U. S. Naval vessels, these sound-powered telephone 
circuits must meet rigid Navy performance-standards. 
Such phones, for example, must have selector switches which 
are capable of rotating for a minimum of 50,000 torturous 
cycles . . . 360° clockwise, followed by 360° counter- 
clockwise. In addition, the “O” ring must still form a water- 
tight seal AT THE END OF THE TEST! Of the many tested, 
a Mueller Brass Co. special manganese bronze alloy was 
the best one meeting these rigid specifications. 


There were other important reasons why these bushings 
were chosen by U. S. Instrument Corporation for this 


eve care veee 


U. S. INSTRUMENT 
CORPORATION 


application. Resistance to abrasive action against the 
rubber "“O” ring was a prime one... then, too, the stem 
assembly suffered severe pounding through the action of 
the indexing mechanism which, prior to the use of the Mueller 
Brass Co. alloy, caused repeated seizure of the component 
parts. In this particular application, the part was fabricated 
on an automatic screw machine rather than produced as a 
forging. The versatility of Mueller Brass Co. alloys makes 
them readily adaptable to the most economical method of 
fabrication dependent upon the size, shape, and end-use 
requirements of the part. 


In commenting on the success of this part, U. S. Instrument 
Corporation praised the alloy for its tensile strength 
(ordinary brasses could not withstand the 2000 ft. Ib. 
impacts without deformation), for its machinability and 
corrosion-resistance. 


MUELLER BRASS CO. 


MACHINE DESIGN 





HARLEY-DAVIDSON 
MOTOR CO. 


Harley-Davidson motorcycles (made in Milwaukee, Wis- 
consin) have, since 1903, enjoyed a world famous reputa- 
tion for economical, reliable transportation. These versatile 
machines are ideally suited for pleasure, for commercial or 
business use, as well as the grueling demands of law en- 
forcement work. Harley-Davidsons boast a dependable 
engine . . . one which can roll up an astounding mileage 
record with little or no care. The painstaking selection of 
every engine component is one important reason for this 
reliability. The new twin-cylinder Harley-Davidson 74 OHV 


employs Mueller Brass Co. bronze alloy forgings in the form 
of rocker-arm bearing caps. Subjected to violent temper- 
ature changes, fast starts and stops and road shock, Mueller 
forgings are proving again and again that they have the 
ability necessary to withstand almost any punishment... 
and still provide unfailing service. 


6 ¢4 €& @ @ @& © Gee « WV @ @ 6 @' 4 © & OH 6) 6 Bee 


JACOBSEN MFG. CO. 


Jacobsen Mfg. Co., Racine, Wisconsin, was among the first to produce o 
practical power mower for home use. That was more than 35 years ago! 
Today, Jacobsen power-mower dependability is evident itself in more than 
a dozen gleaming new models such as the popular Pacer, Lawn Queen, 
Manor and others. One of the most reliable components in the always 
dependable Jacobsen hi-torque engine is a Mueller Brass Co. connecting 
rod forged from special bronze alloy. Jacobsen mowers with Mueller-forged 
connecting rods are called upon by some commercial users to operate as 
much as 8 hours daily, 6 days a week... perhaps as much as 2000 hours 
a year. In searing summer temperatures, thru hours of constant operation, the 
high uniform strength of Mueller bronze forgings constantly withstands 
pounding and vibration with the same conspicuous success as in its many 
other applications. 


@ WRITE TODAY FOR THE 
ENGINEERING MANUAL YOU NEED 


Mueller Brass Co. Forgings 


Why not investigate these specialized alloys for your own Engineering Manual H-58565 


products. We welcome your inquiries. Our engineering staff 
will be happy to make specific recommendations. Both on 
the proper alloy and the best method of fabrication to 
meet your needs . . . exactly. Our engineering manuals 
show many, many examples of how American manufacturers 
have used these alloys to great advantage. 


Tuf Stuf Aluminum Bronze Alloys 
Engineering Manval H-58563 


“600" Series Bearing Alloys 
Engineering Manual FM-3000 


Copper Base Alloys in Rod Form 
Engineering Manual FM-3010 


ae a Oe 2 4% 
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or the finest in Mechanization 


We can help you with modern, efficient 
equipment for Materials Handling e Chain 
Applications e Materials Reduction ® Process- 
ing @ Sanitation e Mining...and with a contract 
engineering-manufacturing service for your 
products. Jeffrey guarantees your enthusiasm! 





JEFFREY CHAIN 
makes good equipment better 


Chain for transmission of power 
—providing maximum strength 
with minimum weight, but with 
ample reserve strength to with- 
stand sudden and heavy over- 
loads. Chain for every elevating 
and conveying need—built for 
rigorous and continuous service 
under the most trying conditions. 


Jeffrey offers a complete line 
of chain, with sprockets and 
attachments to suit. Equipment 
manufacturers from coast to 


CLet?> 


Founded in 1877 
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coast rely on these Jeffrey prod- 
ucts to give their equipment 
greater dependability. Plant 
operators employ them to hold 
down costs. 


Jeffrey chain and accessories 
are stocked for your convenience 
by your Jeffrey distributor. For 
help in selecting chain for any 
job, call them or get in touch 
with The Jeffrey Manufacturing 
Company, 798 North Fourth 
Street, Columbus 16, Ohio. 


(JEFFREY 


THE JEFFREY MANUFACTURING COMPANY @ COLUMBUS 16, OHIO 
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Drive Package Provides 
inmenstety Adjustable Speeds from 
: : AC Power Source 


CONTROL : CONTROL 
PANEL STATION 


The complete Dynamatic power package includes all components 

required to provide infinitely adjustable speeds from an alternating 

current power source. A Dynamatic Ajusto-Spede® or Dynaspede® ee: oo el 
Drive, with electronic control and pushbutton station, satisfies the DYN A » ATI 
requirements of almost any application where proper machine Saneoe 
operation or material processing depends upon control of operating asm ee emnainees 
speeds. 


The compact control panel may be remotely mounted to conserve 
valuable space on the driven machine. The pushbutton station at 
the operator’s position puts vital controls conveniently at the 
operator’s fingertips and requires a minimum of space. 


Speeds are infinitely adjustable from 0 RPM to full output speed, 
and accurate speed regulation may be obtained from 100 RPM to 
full output speed. 


Ajusto-Spede® Drives, available in ratings of 14 horsepower to 75 
horsepower, are air-cooled. Dynaspede® Drives, rated from 3 to 
75 horsepower, are liquid-cooled. Raise your productive efficiency 
with Dynamatic eddy-current units, 


Send for Illustrated Literalure Describing 
Dynamatic Adjustable: Speed Drives 


DYNAMATIC DIVISION 
EAT Bie MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE * KENOSHA, WISCONSIN 
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LINEAR CONTROLS THE HEAT 
IN JET ENGINE EXHAUST 
with Jet-Age ‘‘O” Rings 





Jet engine exhaust controls are subject to severely high temperatures. 
The dependability of any seals in the exhaust area of a jet engine 
has to be commensurate with the dependability of the engine itself. 


LINEAR’S ability and extensive experience in the design and 
manufacture of precision “O” rings—in such modern, heat-resistant 
elastomers as the silicone family—makes this kind of dependability 
a reality. LINEAR “O” rings, capable of withstanding intermittent 
ambient temperatures as high as 1000° F—and the destructive 
actions of gases and fluids, help control the jet engine exhaust— 
for hot performance—longer. 


For a sealing problem of any kind—call on LINEAR or one of its 
agents for engineering assistance... 


and be sure to Specify LINEAR ‘“O”’ Rings for every application. 


“PERFECTION IN RUBBER” 
f/ MIN 2 
LINEAR, Inc. STATE ROAD & LEVICK ST., PHILA. 35, PA 


Circle 458 on Page 19 MACHINE DESIGN 








OEE 





SS LO 


wa 
) 


: sea i ma. 


SS 











‘mee Le Ww 


Pre-assembled Screw 
Vale b= Jal-1.¢-10] cele} mal Mole! am As-tlal-ig 








££ 


2 

is | A aA 

Wa 

ie 
«. 





Even greater cost-savings are possible with Sen 
; by-Shakeproof through variations in threads, p 
| heads, and washers, or with the addition of sealing 
: compound or special sleeves 


® You handle one unit instead of two or more with Sems-by-Shakeproof® Every lock 
washer is factory-matched ® Lost and forgotten washers eliminated ® Available 
in variety of screw and lock washer combinations, multiple-piece 


assemblies and with mastic sealants. 


Gond for Same by Shokeproof sample kit today 


oA ee 


DIVISION OF ILLINOIS TOOL WORKS 
St. Charles Road, Elgin, Illinois « Offices In Principal Cities 
in Canada: SHAKEPROOF-FASTEX, Division of Canada Illinois Tools, Ltd., Toronto, Ontario 
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: : ~~. A great gear-motor 











Cornpact, one-piece unit has complete, easily 


removable motor, machined-in alignment. 


Providing wide application flexibility, motor change 
may be accomplished without disturbing gear. 
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General Electric’s 





gear-motor 
line 


Now, you can meet all your low-speed drive requirements from a brand 
new line of General Electric packaged power transmissions. This 3-unit 
line is based on a new, completely simplified, helical design that has 
evolved from General Electric’s 25 years of gear-motor engineering 
and application experience. And it’s a line that can provide you with 
important, 3-way savings on all low-speed applications. 





1. Greater reliability: This new line incorporates the most advanced 
gear manufacturing methods and all units are factory tested before 
shipment. In addition, you benefit because you purchase both motors 
and gears from a single manufacturer. 


2. Easier Maintenance: A cinch to assemble and disassemble, alignment 
is machined right into each unit. Gear components may be carried in 
stock as sub-assemblies, minimizing downtime for normal repair. 


3. Reduced inventory: You can reduce your inventory with no sacrifice 
to your operating continuity. Parts standardization and interchange- 
ability permit a basically lower inventory investment. 


This new line was developed to keep pace with the new requirements 
and wider applications of gear-motors brought about by advanced 
manufacturing techniques. Get complete information from your nearest 
Apparatus Sales Office or Distributor—or write for bulletin GEA-6704, 
containing line highlights, to General Electric Co., section 851-6, 
Schenectady, N. Y. Gear-Motor and Transmission Components Dept. 


Progress /s Our Most Important Product 
GENERAL €@ ELECTRIC 





See what adhesives are doing today! 


ee 


A MODERN FASTENER SPEEDS THIS ASSEMBLY LINE. IT NEEDS NO HOLES, BONDS PARTS INSTANTLY. IT'S 3M ADHESIVE EC-1357. 


Simplifying the assembly line 


A 3M adhesive is helping to create 50 third positions the boards on the Hundreds of other 3M adhesives serve 
shelves per hour right before your frames. They pass under a pressure industry in a thousand varied uses. 
eyes. By bonding parts instantly, roller and the bond is complete. SEE WHAT ADHESIVES CAN DO FOR You! 
EC-1357 simplifies this assembly line There are no extra fastening steps. i nes takes G08 ceieanal san eile 
to just four fast operations. ee aes - illgg ee yates ite aletyien 
, Instantly EC-1357 bonds board to frame production, cut your costs. Consult 
One worker puts metal frames and so strongly that the fiberboard will your 3M Field Engineer. For a free 
fiberboard sheets on a conveyor mov- delaminate if you try to remove it. booklet and more informa- | pgopicror 
ing 9 feet per minute. Thesecond sprays A fourth man installs molding. The tion write: 3M, Dept. 1012, 3M 
E.C-1357 on both as they pass by. The shelves are ready to ship immediately. 417 Piquette, Detroit 2, Mich. [researc | 


, ADHESIVES AND COATINGS DIVISION, MINNESOTA MINING AND MANUFACTURING COMPANY 


ETTE AVE DETR 2. MICH. @ GENERAL SALES OFFICES: ST. PAUL 6. MINN. @ EXPORT 99 PARK AVE N.Y N.Y. @ CANADA. P.O. BOX 7, LONDON, ONT 
or “SCOTCH” BRAN PRESSURE-SENSITIVE ADHESIVE TAPES @ “*SCOTCH" BRAND SOUND-RECORDING TAPE @ “SCOTCHLITE” BRAND 


s@ 3M" ABRASIVE PAPER AND CLOTH @ “3M” ADHESIVES AND COATINGS @ “3M"" ROOFING GRANULES @ "3M" CHEMICALS 
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Another cost-saving application of Amplex Powder Metallurgy 


~ — ——— 


BEARINGS 
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Quality is a must for trouble free operation, con- 
tinued customer satisfaction. And quality depends 
upon the excellence of every part, every component. 
For many years Whirlpool-Seeger has used OILITE 
center post bearings, agitator shaft bearings, water 
pump bearings and pulley bearings in their auto- 
matic washers. Whirlpool-Seeger uses these and 
other OILITE parts for very good reasons. 

First of all, the manufacturer knows OILITE 
heavy-duty bronze bearings will meet specifications. 
Chrysler-Amplex precision production assures him 
OILITE bearings capable of carrying their loads 
safely, surely and quietly. 

Then too, Chrysler-Amplex plant and facilities— 


Only 


p cCHRYStEe, 


largest and most complete of any in the metal 
powder fabrication industry—promises on-time 
deliveries in any quantity. 

Moreover, in using OILITE bearings the manu- 
facturer selects a product his customers know and 
respect for superior engineering. 

Finally, this manufacturer, like a great many 
others, finds OILITE bearings—despite all their 
advantages—cost no more. 

Chrysler-Amplex representatives and dealers are 
located in principal cities in United States and 
Canada. Let the nearby representative help you. 
Find him in the yellow section of ang telephone 
directory under—‘“‘Bearings—OILIT 


Chrysler Makes Oilite* 


AMPLEX DIVISION 


*OILITE is a 
registered trademark 


e FINISHED MACHINED PARTS « 


CHRYSLER CORPORATION + 
Representatives and dealers located throughout the world 


PERMANENT METAL FILTERS « 


DETROIT 31, MICHIGAN 


FRICTION UNITS « 
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FERROUS AND NON-FERROUS METALS 
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UDT-1091 Turbotorque® 


Diesel 6cyl; 5% x 7; 1,091 cu. in. 
displ.; Eng. hp @ 1500 rpm: Max. 
300; int. 265; Power Unit Int. load hp 
—250 @ 1500 rpm 
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U-501 6-cyl Carbureted 4% x 54; 

501 cu. in. displ.; Basic Eng. Max. hp: 

Gaso.—212 @ 3000 rpm; Power Unit 

Net hp: Gaso. — 133 @ 2200 rpm; 
vm LPG—128 @ 2200 rpm 


UVv-549 y-8-cyl Carbureted 
4% x 4%; 549 cv. in. displ.; Eng. 
Max. hp: Gaso. — 257 @ 3400 rpmi 
Power Unit Net hp: Gaso. — 208 @ 
2600 rpm; LPG—201 @ 2600 rpm 


UD-1091 6-cyl Diesel sx x 7; 


1,091 cu. in. displ.; Eng. Max. hp— 
224 @ 1500 rpm; Power Unit Int. 
load hp—202 @ 1500 rpm 


U-450 6-cyl Carbureted 4% « 5; 
450 cu. in. displ.; Basic Eng. Max. hp 
— Gaso. — 182 @ 3000 rpm; Power 
Unit Net hp: Gaso. — 126 @ 2200 
rpm; LPG—124 @ 2200 rpm 


UV-461 y-8-cyl Carbureted 
Ave x 4%; 461 cu. in. displ.; Eng. 
Max. hp: Gaso. — 226 @ 3600 rpm; 
Power Unit Net hp: Gaso. — 169 @ 
2600 rpm; LPG—169 @ 2600 rpm 


Power that protects your 
reputation as a specifier! 


Call in THI 
the full story on 20 heavy-duty industrial engines 
that deliver a full measure of dependable power 


MAN FROM INTERNATIONAL for 


UD-18A 6-cyl Diesel 4 x 6; 


691 cu. in. displ.; Eng. Max. hp—150 
@ 1600 rpm; Power Unit Int load hp 
—125 @ 1600 rpm 


a eT ERMATIONAL 


- raw 


U-372 G-cyl Carbureted 4% x 
4%; 372 cu. in displ.; Basic Eng. Max. 
hp—Gaso.—165 @ 3200 rpm; Power 
Unit Net hp: Gaso. — 104 @ 2200 
rpm; LPG—97 @ 2200 rpm 


UV-401 v-8-cyl Carbureted 


AY x 3%; 401 cv. in. displ.; Eng. Max. 
hp —Gaso. — 206 @ 3600 rpm; Power 
Unit Net «<P: Gaso. — 155 @ 2800 
rpm; LPG—155 @ 2800 rpm 
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UD-525 6-cyl Diesel 


4% x 5%; 525 cu. in. displ.; 
Eng. Max. hp—137 @ 2000 
rpm; Power Unit Int. load 
hp—115 @ 1800 rpm 


U-308 6-cyi Carbureteds'x, x 41; 
308 cu. in. displ.; Basic Eng. Max. hp— 
Gaso.—154 @ 3600 rpm; Power Unit 
Net hp: Gaso.—87.5 @ 2400 rpm; LPG 


—91.2 @ 2400 rpm 


ts 


U- 2 8] 4cyl Carbureted 
4% x 5%; 281 cy. in. displ.; 
Power Unit Net hp: Gaso. — 
67.5 @ 1800 rpm; LPG—73 
@ 1800 rpm 


“rt en 


UD-14A 4-cyl Diesel 


4% x 6%; 461 cu. in. displ.; 
Eng. Max. hp—105 @ 1800 
rpm; Power Unit Int. load 
hp—76 @ 1400 rpm 


U-1 15 4-cyl Carbureted 
3% x 4%; 175 ey, in. displ.; 
Power Unit Net hp: Gaso. — 
50 @ 2000 rpm; LPG—51.5 
@ 2000 rpm 


U-264-6 6-cyl Carbureted 3", x 
4%; 264 cu. in. displ.; Basic Eng. Max. 
hp — Gaso. 153 @ 3700 rpm; Power 
Unit Net hp: Gaso. — 78 @ 2400 rpm; 
LPG—81 @ 2400 rpm 


‘ 
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UD-350 4-cyl Diesel 


4% x 5%; 350 cu. in. displ.; 
Eng. Max. hp—92 @ 2000 
rpm; Power Unit Int. load 
hp—75 @ 1800 rpm 
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UD-281 4-cyl Diesel 
4% x Sia; 281 cu. in. displ; 
Eng. Max. hp—68 @ 1800 
rpm; Power Unit Int. load hp 
—60 @ 1800 rpm 


U-220 6-cyl Carbureted 3%, «3'v,, 
220 cu. in. displ.; Basic Eng. Max. hp: 
Gaso. — 112 @ 3700 rpm; Power Unit 
Net hp: Gaso.—68 @ 2400 rpm; LPG— 


68 @ 2400 rpm 


a 


U-123 seyicarbureted 
3% x 4; 123 cy. in. displ.; 
Power Unit Net hp: Core 


33 @ 2000 rpm; LPG—27 
@ 2000 rpm ” 


UC-60+<yicarbureted 
2% x 2%; 60 cy. in. displ.; 
Power Unit Net hp: Gaso.— 
16.5 @ 2500 rpm; Nat. gas 











Here you see the complete expanded 20-model line 
of International power—heavy-duty engines and power 
units that continue to justify the judgment of men who 
have specified International for more than 50 years. 

Choose any of the 13 carbureted industrial engines, 
from 16 to 257 hp, or seven diesels, from 60 to 265 
intermittent load hp, with full confidence. You'll al- 
ways get an engine that delivers a full measure of 
dependable, economical power. And every engine is 
backed by the finest parts and service support in 
the world. 

For full details on engines of interest to you, call in 
THE MAN FROM INTERNATIONAL. You'll find 
him as helpful as the power he sells will be profitable 
to your customers. Through him you can get assistance 


—13.5 @ 2500 rpm 








with all installation problems, including pilot model 
engines, and very special delivery service when you 
need it. Just call his headquarters in Melrose Park, 
Illinois—Fillmore 3-1800. 


INTERNATIONAL 
CONSTRUCTION 


EQUIPMENT 


International Harvester Co., 180 N. Michigan Avenue, Chicago 1, Illinois 


A COMPLETE POWER PACKAGE: Crawler and Wheel Tractors... Self-Propelled 
Scrapers... Crawler and Rubber-Tired Loaders... Off-Highway Haulers... Diesel 
and Carbureted Engines... Motor Trucks... Farm Tractors and Equipment. 


Circle 463 on Page 19 

















In a bearing, PLANNED PRECISION 
is the carefully evaluated incorporation of 
whatever precision features are necessary 
to provide for the functional requirements 
of the job—not more, not less. Precision 
refinements are costly, and should be 


selected with care to insure products that 
are both economically and _ functionally 
correct. 

In the NICE LINE, Product Designers 
will find a complete range of ball bearings 
incorporating varying degrees of precision. 
NICE catalog standard bearings are available 
in precision, semi-precision and unground 
types. If a specially designed bearing is 
the correct answer to the application problem, 
NICE engineers are qualified and capable 
“Specialists in Specials’’. 

Write for Catalog No. 190 


on ae - TINA: COMPANY 


NICETOWN-PHILADELPHIA: PENNSYLVANIA 
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shovels, 


On tractor scrapers, 


y 
gi 


lift trucks, 


truck 


cranes, bulldozers, motor 


‘aders, front end loaders, ditchers, trucks, buses and 


many other lypes of mobile equipment Be 


The High Efficiency of 
Vickers Balanced Vane Pumps 
Means More Work From Less Input Power 








VOLUMETRIC EFFICIENCY 


ae 


VOLUMETRIC EFFICIENCY 


V200 SECTION 


OVERALL EFFICIENCY 
BOTH PUMPS 


s 
° 


TOTAL INPUT HORSEPOWER 
BOTH PUMPS 


> 
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DELIVERY 
V 400 SECTION-GPM 


DELIVERY ~- GPM 
INPUT HORSEPOWER 


b 
° 


V400 SECTION 


DELIVERY 
V200 SECTION- GPM 


Vv 200 SECTION 


800 1200 1600 
PRESSURE -PSI 





INPUT HORSEPOWER 


$ 
EFFICIENCY - PER CENT 


od 
° 


nN 
° 


INPUT HORSEPOWER 


2000 2200 


You can get more useful work out of 
a given engine when a Vickers Balanced 
Vane Pump is used in the hydraulic 
control system. Its exceptionally high 
volumetric and overall efficiency are 
available not only when the pump is 
new but also throughout its long life. 

The performance curves at the left 
merit your careful consideration. Note 
that the overall efficiency is approxi- 
mately 80% at operating pressures used. 
Compare this with the rapid decline 
in overall efficiency of the usual gear 
pump at higher pressures. This large 
difference means a very substantial sav- 
ing in engine horsepower and fuel con- 
sumption. To do a given job, it often 
means that a smaller engine can be used. 
It further means less heating of the oil. 

Vickers Balanced Vane Pumps have 





many other benefits for the user. Op- 





COMPARE the performance of this VICKERS Series V4200 double pump with any 
other hydraulic pump used on mobile equipment. The high overall efficiency in the 
operating pressure range is maintained throughout the long pump life (see right 
hand column for reasons). This performance is characteristic of all Vickers Vane 
Pumps...both single and double. (Above curves are in accordance with SAE 


timum running clearances are auto- 
matically maintained over the entire 
operating pressure range and through- 
out an exceptionally long pump life. 
Complete hydraulic balance eliminates 








test code except speed is 2000 rpm.) 











pressure-induced bearing loads. Other 
bonuses are: automatic wear compcn- 
sation, temperature adaptability, simple 
installation, and easier cold weather 
starting. 

Millions of Vickers Vane Pumps are 
in daily use. For further information, 


write for Bulletin M5101A. pase 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 











Series V400 pump (single) is large sec- 
tion of double pump at right; perform- 
ance characteristics are shown above. 
In addition to the advantages mentioned 
in the right hand column, Vickers Vane 
Pumps require minimum maintenance 
and are exceptionally compact. Their 
various mountings and optional pres- 
sure outlet connection positions provide 
greater application versatility. See 


pages 4-5, Bulletin M5101A. pages 6-7, Bulletin 
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Series V4200 double pump for operating 
two independent hydraulic circuits from 
one power source. In numerous mobile 
applications, this is desirable to elimi- 
nate all possible chance of one operation 
interfering with another . .. when 
necessary to operate two machine com- 
ponents simultaneously at different 
speeds and hydraulic pressures. 


M5101A, 


on Page 19 


Mobile Hydraulics Division 


ADMINISTRATIVE and ENGINEERING CENTER 
Department 1430 ¢ Detroit 32, Michigan 


Application Engineering Offices: ATLANTA « CHICAGO 
CINCINNATI e¢ CLEVELAND e DETROIT « GRAND 
RAPIDS « HOUSTON e LOS ANGELES AREA (EI Segundo) 
MINNEAPOLIS ¢ NEW YORK AREA (Springfield, N. J.) 
PITTSBURGH AREA (Mt. Lebanon) « PORTLAND, ORE. 
ROCHESTER ° SAN FRANCISCO AREA (Berkeley) 


See SEATTLE © ST. LOUIS « TULSA 


in Canada: Vickers-Sperry of Canada, Ltd., Toronto & Montreal 





When one of many requirements 


is DIMENSIONAL 


DIMENSIONAL STABILITY, resistance to wear, and 
treedom from carbonization were required in this 88-insert 
stator in the emitter assembly of the IBM 46 Tape-to-Card 
Punch. Stator is Durez diallylphthalate, has 
inserts and center ring molded in. 
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STABILITY... 
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Dimensional Stability plus 
HEAT RESISTANCE 


These, combined with fine electrical properties, 
make Durez phenolics preferred for countless 
applications. Illustrated: mounting base for 
King-Seeley’s new Chef-O-Matic range surface 
element temperature control. 


@eeneevvnesneeeeeveeeeeeoeeeeeeeeeeeeeeeeveeeeseeeeeeeseeeeeeeeeeeeeeee2 eee 


Dimensional Stability plus 
DURABLE SURFACE LUSTER 


Smooth operation of the lens tube on the 
Wollensak Automatic Slide Projector is assured 
by molded-in threads that meet exacting toler- 
ances. It’s engineered for attractive appearance 
in lustrous black Durez phenolic. 


@eeeeeeeeeereevreeeeeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eee 


Dimensional Stability plus 
CHEMICAL RESISTANCE 


Print conveyor bearings molded 
of nylon-flock-filled Durez phenolic 
operate submerged in Photostat 
Photographic Processors, withstand 
the effects of processing solutions 
and the wear of rotating metal shafts. 


DUREZ PLASTICS 


It’s obvious that you just can’t stop with one outstanding property—or even two 
or three—when you're looking for a plastic to solve a design problem... 
improve a product... hold the cost line. This is why the Durez thermosetting 
plastics are a gold mine of ideas for design engineers. 

Durez offers balanced properties in a great variety of useful combinations. 

For close-tolerance components resistant to impact, heat, water and chemicals...and 
wherever good electrical characteristics are essential... count on success with 
Durez phenolics. Their batch-to-batch uniformity and excellent molding behavior 
permit design in intricate shapes and hold down cost. Many are formulated for 
easy preforming and molding in automatic machines. 

Where very high volume resistivity and arc resistance are required, investigate 

the Durez diallylphthalate materials. 

For data and information keep in touch with your molder...call on our field 
engineering service...or let us send you our monthly ‘‘Plastics News.” 


Plastics that Fit the Job 


DUREZ PLASTICS DIVISION Wwe 


HOOKER ELECTROCHEMICAL COMPANY MLASTICS 


512 WALCK ROAD, NORTH TONAWANDA, N. Y. 
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ee BEST for designing into new air systems... | 


BEST to specify for blower replacements Seu 


| 























THERE’S A BIG DIFFERENCE WITH 


Miehle-Dexter 3-Lobe 
Rotary Positive Blowers 


(1) Smallest Cube OF ALL ROTARY POSITIVE BLOWERS When specifying components for new air systems, 


or for replacements in existing systems, size and 


@) Lightest Weight WITH ALUMINUM ROTORS AND HOUSING weight considerations are important if maximal 


space utilization is to be realized. When it comes 


G3) Wide Pressure Range 1 TO 12 PSIG to size and weight considerations for blowers, 


‘ none compare with Miehle-Dexter 3-Lobe Rotary 
@) Wide Speed Range 1000 TO 4000 RPM Positive Blowers. The advantages of wide pressure 


and speed ranges, with capacities from 50 to 


@®) Exclusive Formica Wear Strips ON ROTORS 4000 cfm, make M-D blowers the most efficient 
Patented Rubber Grid Seal ON END PLATE for moving materials by air. There’s a big differ- 


ence when M-D blowers are used. May we 
demonstrate why? 


The performance figures are convincing... write today! 


Important advantages 
in pressure range, 
*‘size, weight, 


cost, service! 


Miehle-Dexter Supercharger Division of The Christensen Machine Company, Racine, Wisconsin » Another Product of Miehle-Goss-Dexter, Incorporated 
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A COMPLETE LINE. OF HYDRAULIC 
HOSE ASSEMBLIES... 


First to be specified?" 
by America’s 
leading OEM’s 


It’s a known fact that many lead- 
ing Original Equipment Manufacturers 
submit their original specifications for 
their first quotation to Eastman. 


EASTMAN ’s unequalled experience 
in hydraulic conversion, plus many 
original designs shown in a few popular 
Eastman fittings at the right—give 
your product an appearance of quality 
that improves its competitive position 
in your field. It’s a mark of distinction 
to be Eastman equipped! 


EASTMAN Engineering Service... 
Backed by Unequalled Experience 


It is also a known fact that Eastman’s 
co-operative engineering counsel and 
service is highly respected and often 
requested by leading OEM’s. Let 
Eastman engineers help you lay out 
your fluid power lines—from pump to 
point of work—effecting economies in 
design, improving performance and in- 
creasing user satisfaction. 


Let EASTMAN recommend the 
best assembly ...for the best per- 
formance...at the lowest cost. 


— 
a 
. 


Bent Tubing with the 
necessary fittings to 
meet your own specific 


requirements, and sizes available, 








FITTINGS and 


aed 


Adapters, Adapter 
Unions and Boss “O” 
Ring Fittings. All types 


He 


HOSES 


Permanently Attached Male 
(NPTF) for 1, 2 and 3 wire braid 
rubber cover hose, and 4 spiral 
wire extra high pressure hose. 


Sizes: 346" thru 3”. 
Wkg. pressure: 375—5000 p.s.i, 


Permanently Attached Male 
Flare (JIC) for 1, 2 and 3 wire 
braid rubber cover hose. 

Sizes: 3/6” thru 2”. 

Wkg. pressure: 375—5000 p.s.i, 


Permanently Attached Swivel Fe- 
male for 1, 2 and 3 wire braid 
rubber cover hose. 


Sizes: 346” thru 2”. 
Wkg. pressure: 375—5000 p.s.i, 


Reusable Male (NPTF) for rubber 
and cotton cover hose. 

Sizes: 346” thru 11346”. 

Wkg. pressure: 375—5000 p.s.i. 


Reusable Swivel Female for rube 
ber and cotton cover hose, 


Sizes: 346” thru 11346”. 
Wkg. pressure: 375—5000 p.s.i, 


Permanently Attached Flanged 
Head Couplings for 1 and 2 wire 
braid rubber cover hose, 

Sizes: 1/’’ thru 2’. 

Wkg. pressure: 375—5000 p.s.i. 


Clamp Type Coupling with split 
flange stems for 1 and 2 wire 
braid rubber cover hose. 

Sizes: 14” thru 2”. 

Wkg. pressure: 375—5000 p.s.i. 


Power Steering Assemblies to 
meet all your requirements, 


ENGINEERS: 

Write for Technical 
Bulletin 200 for Complete 
Information and Data 
on Fluid Power Lines, 


MANUFACTURING COMPANY 
Dept. MD-12 
MANITOWOC, WISCONSIN 
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New General Electric 
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IMMEDIATE SHIPMENT of popular Tri-Clad ‘55’ 
motor ratings—through 125-hp—is provided from 
factory, district warehouses, and distributor stocks, 












































TRI BE) CLAD motors can help you... 


REG. U.S. PAT. OFF. 


)ELIVERY CYCLE 





at wei AVAILABLE THROUGH 125-HP. 


CONVENIENT WAREHOUSE STOCKS pro— 
vide immediate shipment of any popular G-E 
Tri-Clad ‘55’ motor rating up through 125-hp. 
Nationwide stocks are maintained by distrib- 
utors as well as 34 G-E district warehouses. 


HIGH-SPEED PRODUCTION of all types of 
motors is provided by new automated man- 
ufacturing facilities. With these facilities, 
special-purpose motors are produced by 
General Electric almost as fast as standards. 


G-E PRE-ENGINEERING SERVICE provides 
special motor designs to meet your immediate 
or future needs. Where conditions warrant, 
such motor designs could be stocked at near- 
by G-E warehouses to provide fast delivery. 


Tealeal-rolt-\(-m-Jallo)aal-1a] oo popular NEMA ratings 


Section C891-10 
GENERAL ELECTRIC COMPANY 
Schenectady 5, New York 


How many additional sales could your company have made 
this year if you could have delivered your product faster? 

In today’s highly competitive market, often just a few days 
can make the difference between a lost sale, and an important 
order for your factory. 

NOW, TO HELP YOU REDUCE THE DELIVERY CYCLE OF YOUR 
PRODUCT, General Electric offers immediate shipment of pop- 
ular Tri-Clad ‘55’ motor ratings—up through 125-hp—from 
nearby warehouse stocks. Or, if you use a motor that is not 
standard, G.E. can give you faster shipment from the world’s 
most modern motor manufacturing plant. 

IF MOTOR DELIVERY TIME IS A FACTOR in your production 
scheduling, you can now reduce your delivery cycles, make 
shipment promises with more assurance, and give improved 
customer service. 

FOR MORE INFORMATION on the complete Tri-Clad ‘55’ motor 
line—now available through 125-hp, contact your nearby G-E 
Apparatus Sales Office or Authorized Distributor. 


Please send me the following publications: 


(1 FREE BULLETIN (GEA-6602) describes aavanced 
features of new Tri-Clad '55’ motors through 125-hp. 


(1) FREE SLIDE RULE (GEN-148) to determine weight 
and space-saving benefits of new Tri-Clad ‘55’ motors. 


NAME 
TITLE 
COMPANY 
ADDRESS 
CITY & STATE 

















Tiicediennsinestiniidnatdenmtainteagniaaidiiinaaae 


Progress /s Our pe eopnrene Product 


GENERAL &@ ELECTRIC 
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V-Belt Designer’s Notebook 








A special V-Belt Engineering Service 
to help you cope with 7 Drive Problems 


created by space-saving modern design 


A checklist of V-belt drive designs 
which require specialized engineering. 
With a description of the compensating 
characteristics which can be built into 
special Dayton V-Belts. Sources: Case 
histories from the files of the Dayton 
Special V-Belt Engineering Service and 
“The Dayton Handbook of V-Belt 
Drive Design and Selection.” 


Here’s a typical example of efficient, 
compact, modern design—an automatic 
washer with a Dayton V-Belt Drive. 


Note that it imposes three design re- 
quirements, (1) a torturous back bend 
(2) sub-diameter pulleys (3) a limited 
tension take-up area. Yet the design is 
efficient because Dayton V-Belt engi- 
neers developed a belt especially adapted 
to these three punishing conditions. 


You'll find similar examples in ma- 
chine tools, agricultural machinery and 


100 


wherever drive space is limited. You’ve 
seen them yourself—the designs which 
dictate sheave misalignment, back-side 
idlers, underbelting; plus others which 
use V-Belts as a clutch and which im- 
pose excessive shock loads on the belt, 


HERE ARE THE MAJOR 
CONDITIONS WHICH AFFECT 
V-BELT PERFORMANCE 


Underbelting 


Underbelting is found where space is 
limited or as a result of very low belt 
speeds. It will cause belts to slip, run 
hot and wear out very quickly. A tem- 
porary cure, commonly employed, is to 
over-tension the belt — thus throwing 
excessive loads on the bearings. 


The design requires a high capacity 
belt with extra-strength cords found in 
Dayton’s Super-Thorobred series or, in 
difficult cases, belts with both a high 
coefficient of friction and extra strength 
like the raw-edge Dayton Cog-Belt.* 


Sub-diameter sheaves 


Belts driven by sub-diameter sheaves 
are inclined to succumb to accelerated 
flex failure. Tensioning problems are a 
usual result. 


=] 
x ( 


Sub-diameter sheaves require ex- 
tremely flexible belts for satisfactory 
service. The required flexibility may be 
obtained by using thin V-Belts—where 
drive capacity is not high. When con- 
siderable capacity is required, Dayton 
Cog-Belts will give the most satisfac- 
tory performance. Their exclusive de- 
sign permits exceptional flexibility. 
Die-cut raw edges provide high coeffi- 
cient of friction, transmit maximum 
power from sub-diameter sheave arcs, 


Misalignment 


Reverse direction or ‘Figure 8” drive. 


MACHINE DESIGN 





Misalignment causes uneven tension 
across the face of the belt—producing 
abnormal belt and pulley wear and un- 
even bearing loads. 


A suitable approach is to use highly 
extensible cords of the latest synthetic 
fibers in the strength band of the V-belt. 
Dayton’s Development Engineer can 
prescribe the material best suited to 
your needs, 


Fixed centers 


Proper tension cannot be maintained 
with fixed centers or where center dis- 
tance adjustment is inadequate. With- 
out proper tension, belts slip and need 
frequent replacement. 


Dayton V-Belts with low-stretch 
neutral-axis cords are best suited for 
applications with little or no provision 
for center distance adjustment. Still 
higher performance is gained if the 
belts have maximum cross-sectional 
stability which helps keep the belt from 
seating in the sheave groove. 


Back-side idlers 


Cracks will appear on the under side of 
the belt, since back-side idlers force the 
belt to flex in a direction contrary to its 
construction. Use of spring-loaded back- 
side idlers may result in belt-snapping. 


Where back-side idlers are used to 
provide tension take-up, they must 
never be smaller than the smallest pulley 
in the drive. Dayton V-Belts used in 
this case employ tension or stretchy 
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type materials in the compression sec- 
tion and have a relocated neutral axis. 


Excessive shock 


Excessive shock can cause the belt to 
snap as well as promote bearing troubles 
and sheave misalignment. 


Belts subject to excessive shock or 
heavy pulsation require strength band 
constructions which offer changeable 
ratios between stress and strain without 
taking a permanent stretch. Belts with 
soft cross sections — that will ride up 
and down in the groove — work well 
under shock as do wide angle belts. Any 
of these belts are available from Dayton. 


Using as a clutch 


V-Belts are ordinarily designed for con- 
stant loads and will burn when used as 
a clutch. 


But, belts especially designed for use 
as a clutch will readily slip when a load 


is suddenly applied or released. Dayton 
cover stocks used here have a low co- 
efficient of friction and high resistance 
to wear. 


DAYTON’S SPECIAL V-BELT 
ENGINEERING SERVICE 


Make use of Dayton’s Special V-Belt 
Engineering Service when you encoun- 
ter any of these designs. Your Dayton 
V-Belt design engineer is an expert who 
has devoced himself exclusively to V- 
Belt Drives. Your design may permit a 
minor modification which would adapt 
it to the use of low-cost standard V- 
Belts. Other standard Dayton V-Belts 
available for special applications are 
the Double-Angle V-Belt, the Double 
Cog-Belt, the Variable Speed Cog-Belt 
and the back-side idler V-Belt. 


With one of the finest research and 
development laboratories in the indus- 
try, Dayton research engineers con- 
stantly advance V-Belt knowledge. 
They develop basic theory, prove the 
characteristics of the newest composi- 
tions and materials available to the 
rubber industry and test the perform- 
ance of theoretical constructions. All of 
this acquired information is at your call 
when you need a special V-Beit. 


Now, while your design is on the 
drawing board, is the time to cail your 
Dayton V-Belt design engineer. He'll 
help you select the V-Belt which is 
tailored to your specific drive. The 
result—a compact, versatile design 
which meets all your minimum design 
requirements and one that will give its 
users years of trouble-free service. 


Industrial Sales Engineers in Atlanta, Chicago, Cleveland, Dallas, 
Dayton, Minneapolis, Moline, New York, San Francisco and St. Louis. 


*T. M. 


© D.R. 1957 


Dayton ulabex 


THE DAYTON RUBBER CO., INDUSTRIAL O.E.M. DIV., DAYTON 1, OHIO 
WORLD’S LARGEST MANUFACTURER OF V-BELTS 


If you haven’t received your copy of Dayton’s authoritative Handbook 
of V-Belt Drive Design and Selection, write for it now. 


Just give us your name, title, and the address of your firm. 
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~ tough fabricating 
# job on fire engine 
proves 4-WAY’S 


mm versatility 


Fabrication to form even the varied and complex 
shapes used on firefighting equipment is no prob- 
lem with 4-WAY Safety Plate. No special tooling 
is necessary. Ordinary cutting, drilling, forming 
and similar standard shop equipment is all that’s 
» needed. Good reason why this leading chassis and 
body manufacturer has specified Inland 4-WAY 
for more than 15 years! 4-WAY is used in an 
uncommonly wide variety of ordinary and extra- 
ordinary applications. For complete information 
and specifications, write Dick Prendergast, 
Room 1262 at the address below. 


Uniformity of 4-WAY’s cross-sectional thickness eliminates the Whether the application calls for welding, bolting, or screw fasten- 
possibility of deflection while bending, even at sharpest angles. ing, all are easily accomplished on 4-WA Y with conventional methods. 


Standard equipment can be used, 


* 
SAK 
INN 

ad 


NUN 
AD Ba 
CANS 


Re 
2.7 


Punching, drilling or flame cutting holes for fasteners, foot pedals, Notice how cleanly the plates for this floorboard are joined, 4-WA ¥ 
can be sheared to extremely close tolerances eliminating all guesswork 


etc. is no problem with 4-WAY., 
and make-overs. 


NPS 
Inland 4-WAY® Safety Plate TAL 
Pe al ' 

Carried in stock by all leading steel distributors F rz a de PF. 
INLAND STEEL COMPANY <INLAND> CCR NNN 

38 South Dearborn Street « Chicago 3, Illinois ie a | F a ff "dh 
Sales Offices: Chicago * Milwaukee + St. Paul * Davenport ‘ y ~ ~ ~ ~ 
St. Louis * Kansas City * Indianapolis + Detroit « New York CRE 
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=F 
Prongs snap into 
punched or drilled hole 


CUSTOM-DESIGNED AND MASS PRODUCED 
TO YOUR PARTICULAR REQUIREMENTS 


Dot plug buttons were originally used in auto- 
mobiles to fill spaces on standard models which, 
on de luxe models would be occupied by such 
extras as cigarette lighters, radio controls and so 
on. They are now also widely used as lenses 
for indicator lights and as identification buttons 
on instrument and control panels of all kinds. 


Availableinclearor colored plastics... brassorsteel 
in all standard finishes...embossed and enamel- 
filled or molded to show company insignia or other 
identification symbols... Dot plug buttons snap 
into place and stay where they’re put even under 
conditions of extreme vibration. Yet they can be 
removed and replaced repeatedly without damage. 


CARR FASTENER COMPANY 


DIVISION OF UNITED-CARR FASTENER CORPORATION 31 Ames Street, Cambridge 42, Massachusetts 


MAKERS OF 


FASTENERS 
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PRECISION DYNA-SEAL 


For face to face sealing No special machining required. 
Reduces assembly costs. 


Easy-to-handle one piece seal of Positi 10,000 P.S.I 
rubber bonded to a steel washer. Sacks he fate a 
Available in-stock sizes for No. 5 Reduces bolting torque. 

screw to 1-4" bolt. Reusable - cuts maintenance. 


Let a Precision engineer demonstrate the Dyna-seal 
cost and labor saving advantages to you. 








Write for your free copy 
of the Precision catalog 
on Dyna-seals. 





























recision Rubber Products Corporation 
"O” Ring and Dyna-seal Specialists 


Box 431, Oakridge Drive, Dayton 7, Ohio Canadian plant at: Ste. Thérése de Blainville, Québec 
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Always, at eakKF, you will receive 


unbiased advice 


cli ee att 


because 


— All four basic types of anti-fric- 
tion bearings are available from SKF. 


because 

— They offer an extraordinarily 
wide range of sizes and combinations to 
meet virtually any requirement. 


because 


— Their long experience in the 
widest variety of bearing applications is 
your assurance of receiving sound 
recommendations. 


because 

— Thousands of manufacturers 
have been using the SKF Bearing Ad- 
visory Service for many years — always 
with good results. This dependable 
service is available to you, too. 7754 
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EVERY TYPE—EVERY USE 





O Ball Bearings 

() Cylindrical Roller Bearings 

€) Spherical Roller Bearings : 
CC) Tapered Roller Bearings (Tyson ) 


\ eReg. U.S. Pat. OF 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
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ALCOA’S NEW 
COLOR MOVIE 


2011-T3 6061-T6 


Here’s the “Lightweight Champion of the Machining World.” Watch The fabulous alloy that’s unequaled where service calls for 
this free-machining aluminum alloy perform amazing feats of economy exceptional resistance to corrosion, suitability for welding 
and versatility through a blizzard of fine, crisp chips. It’s just the or brazing. It’s the most finishable of the aluminum screw 
ticket for most screw machine products. machine stock alloys. 


Be sure to see these amazing alloys perform their 
spectacular feats of strength, economy, machin- 
ability, finishability and corrosion resistance. De- 
termine a date for a showing to your group and 
contact your nearest Alcoa sales office. They'll 
confirm a show date for you and send the film to 
reach you in time for your meeting. No charge. 
Aluminum Company of America, 873-M Alcoa 
Building, Pittsburgh 19, Pennsylvania. 
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“THE FOUR AMAZING ALLOYS” 
DEMONSTRATES THE VERSATILITY OF 
ALCOA ALUMINUM SCREW MACHINE STOCK 


2024-T4 2017-T4 


The daring ‘Aircraft Alloy.”” Noted for its strength. Tops The startling alloy that’s priced lowest of the aluminum 
where tight, vibration-, strain- and wear-proof assemblies screw machine stock alloys. Handles tough service jobs with 
are a must, a high degree of machinability. 


rm Learn why leading companies have switched to Alcoa Aluminum Screw Machine Stock 


ween ALCOA &. ALUMINUM COMPANY OF AMERICA 


pee in ALUAAINUAA 873-M ALCOA BUILDING, PITTSBURGH 19, PENNSYLVANIA 
uminum 


Value SCREW MACHINE STOCK 





Please send booklet with direct quotes from industry leaders on why they buy from Alcoa. 


NAME... TITLE 


NEW! “ALCOA THEATRE" COMPANY 
EXCITING ADVENTURE 
we ALTERNATE MONDAY EVENINGS ee 
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Circuit breaker 
actuator motor 








Precision-built 
instrument motor 
Impact concrete 

drill motor 





Preacreliow POWER... 


For Top Performance of Your Product 


Hydraulic pump motor 
“Prescription Power” with a Lamb Electric Motor means- 
...a motor designed to the exact require- 
ments of your product... 
..- built-in dependability that results from 
42 years of small-motor experience... 
. . . favorable cost because our plant is geared 
Motor parts for portable 


to produce custom-made quality on a steal hile 
volume basis. 








May we demonstrate these advantages of Lamb Electric 


Motors to you? 


If you are interested in 


THE LAMB ELECTRIC COMPANY © KENT, OHIO an 


A Division of American Machine and Metals, Inc. be glad to send full 
in Canada: Lamb Electric—Division of Sangamo Company Ltd.—Leaside, Ontario . information. 


SPECIAL APPLICATION MOTORS 
FRACTIONAL HORSEPOWER 
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NOTHING can equal Stainless Steel 





s meneame Se acne mace 
- L* 
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in its unique combination of properties 


No other design material can match Stainless Steel in 
its combination of desirable properties: corrosion re- 
sistance, strength, hardness, beauty, cleanability and 
easy fabrication. For a reliable source of supply, United 
States Steel offers you the widest range of types, 
finishes and sizes. 


UNITED STATES STEEL CORPORATION, PITTSBURGH * AMERICAN STEEL & WIRE DIVISION, CLEVELAND 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO « NATIONAL TUBE DIVISION, PITTSBURGH 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS STAINLESS STEEL 


SHEETS - 
PIPE + 


STRIP « 
TUBES + 


UNITED 


PLATES - 
WIRE - 


BARS + BILLETS 
SPECIAL SECTIONS 


STATES STEEL 


FOR HIGH TEMPERATURE STRENGTH. The Ryan Firebee is a pilotless jet airplane that flys about 600 mph at altitudes up 
to 40,000 feet. All three armed services are using it for target practice—to simulate attacking aircraft. Fuselage and turbojet en- 
gines use substantial quantities of Stainless Steel—mostly because of its excellent strength/density ratio at elevated temperatures. 


FOR CORROSION RESISTANCE. 1: you're a photographer, 


you know that hypo is awfully corrosive. This print washer 
(it holds 75 8x10 prints in one loading) is made com- 
pletely from Stainless Steel by the Arkay Corporation, in 
Milwaukee. For proof that Stainless is easy to fabricate, notice 
that the drum has 1,700 perforations, and double lockseam 
soldered joints are used throughout. 

Wee 

; noe { 

‘Ahan | 


Li 


HHAMRAD 
LURKREen 
Ae ati % 
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FOR TAKING A BEATING. These supermarket check-out 


counters are made from USS Stainless Steel. They withstand 
the pounding of heavy containers and are unaffected by corro- 
sive meat and produce juices. It only takes 20 minutes for one 
girl to clean all eleven counters shown here. The Robert Becht 


Company of Cincinnati made them. 
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News about 


B.EGoodrich Chemical ««« materia 


Approximately 70 different Hycar rubber parts are 
used in cash registers and accounting machines man- 
ufactured by The National Cash Register Company, 
Dayton, Ohio. B.F.Goodrich Chemical Company sup- ° 
plies the Hycar rubber material. Some of these parts 
are: Impression Rubber in the Printing Mechanisms * 
Feed Rolls for Paper and Card Stocks ¢ Tension Rolls 
and Plates « Stopsand Stop Blocks « Vibration Damp- 
eners * Cabinet Insulating Rubber « Solenoid Mount- 
ings * Spacers e Bumpers « Arresting Rolls « Support 
Brackets * Grommets « Bushings « Pulley Facing’s « 


Braces « Slip Feelers ms 
Y 


OIL RESISTANT HYCAR RUBBER CUTS 
BUSINESS MACHINE MAINTENANCE 


Oabsorb shock, support weight, 

deaden sound, supply driving 
power, dampen vibration... these 
are some of the jobs being done in 
business machines by parts of Hycar 
nitrile rubber. 

Hycar rubber is ideal for these 
parts because most of them have to 
resist oil which destroys ordinary 
rubbers. Equally important is 
Hycar’s resistance to the attack of 
solvents and other fluids used for 


machine cleaning and maintenance. 
Versatile Hycar has many other 
unique properties for applications 
requiring: flexibility with high 
strength; superior aging; exception- 
al resistance to abrasion, oxidation, 
pressures, gas, temperature ex- 
tremes and many chemicals. 
Hycar nitrile rubber has made 
possible the development of many 
new products and the improvement 
of existing products. For informa- 


tion, write Department HK-6, 
B.F.Goodrich Chemical Company, 
3135 Euclid Avenue, Cleveland 15, 
Ohio. Cable address: Goodchemco. 
In Canada: Kitchener, Ontario. 


Hycar 


US Pet Of 


B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


BEGood rich con potyiny materials « HYCAR American rubber and latex » GOOD-RITE chemicals and piasticizers » HARMON colors 
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WHY THINGS RUN SMOOTHER 
WHEN YOU SPECIFY HYATTS 


BEARING 
RACE ij 


‘RACE 


ce ee OUTSIDE DIA 
VARIAT 


ECCENTRICITY OF 
PATHWAY TO O.D. 


FIGURE 1 FIGURE 2 


CLOSE CONTROL OF INTERNAL DIMENSIONS 
MEANS LONG, TROUBLE-FREE BEARING LIFE 


Concentricity of race diameters is usually defined in terms of wall variation 
(Figure 1) of the individual races, and radial run-out of the assembled bearing. 
The running accuracy and smoothness of a Squareness of race and roller ends and flange faces is vital to prevent roller 
roller bearing is governed by the tolerances of its skewing with consequent heating and noisy operation. Figure 2 indicates the race 
snternal dimensions and clearance. Internal surfaces which must be square with each other within minute tolerances depend- 
ing on the grade of the bearing. The roller ends must also be square with the 
diameter for the same reason as above. End square tolerances are usually less 
than .001” for the most frequently used sizes. 








dimensions include concentricity of race 
diameters and squareness of all radial and axial 
surfaces, as briefly explained at right. 


Because the internal dimensions of HYATT 
Hy-Roll bearings are so closely controlled, 
HYATTS run smoothly and quietly, last longer, 
and prevent equipment trouble due to 

excessive heat and vibration. You will find full 
selection and application data in HYATT 
Catalog 150, or call your nearest HYATT Sales 
Engineer. Hyatt Bearings Division, General 
Motors Corporation, Harrison, N. J.; Pittsburgh; 


SEPARABLE 


) it; Chicago; 2 Oaklz “ali ia. 
Detroit; Chicago; and Oakland, California OUTER RACE 





SEPARABLE INNER RACE 


THE RECOGNIZED | LEADER | IN CYLINDRICAL BEARINGS 1908-1958 


PROM THE PROGRESS OF THE PAST... THE PROMISE OF DHE FUTURE 


Hiy-ROLL BEARINGS 
FOR MODERA IA DUSTRY 





December 12, 1957 Circle 479 on Page 19 111 





overall length 42 inches 
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Now...from Doehler-Jarvis...die castings 





cr 
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X-ray of the Falcon’s fin proves 


The Falcon is an air-to-air missile built by Hughes Air- 


craft Company for the U. S. Air Force. Its light weight 
die cast stabilizer fins resist severe strain during course 
changes. It uses other Doehler-Jarvis die castings also. 


Now you can have structurals die cast to standards as high as 
those for primary aircraft structurals*. 

Die cast! With all the economy, precision, surface superiority, 
ease of assembly that implies. Die cast of aluminum, or of a 
high-purity magnesium alloy, like the 42” Falcon stabilizer fin. 


They said it couldn’t be done! 


But there you see such a structural! Along with X-ray proof 
of soundness, uniformity, primary-aircraft-structural* quality. 

Mind you! The Falcon fin is in commercial production. 
Doehler-Jarvis has die cast thousands. Each has had to pass 
73 inspections before acceptance... including 100% X-ray. 

In one control, sections of castings are continuously tested 
for tensile strength. In this examination of physical properties, 
the castings normally exceed tensile specifications by 15% or 











their uniformity and soundness 


more. Quality is so high there has never been a single test *A primary aircraft structural is a major load-bearing component member 


any single failure of which would result in loss of the aircraft. 


below specification. 
How did this come about? 


Like many developments in die casting, this one started with 


eo 
a customer’s need... Hughes Aircraft’s. Doehler= Ja rvis 


They, and the Armed Services, needed such castings. The DIVISION OF NATIONAL LEAD COMPANY 
parts might be made other ways. But at what cost! What sacri- General Offices: Toledo 1, Ohio 
fice in weight — and materials! If it could be die cast, if there 
were a magnesium alloy able to stand supersonic air stresses... — nae 
It took a while. But, with close cooperation from engineers Barber Die Casting Co. Limited | 
of both Doehler-Jarvis and Hughes, the way was found. Hamilton, Ontario (®) D) 
Now you can list die castings of primary-aircraft-structural* 
quality among D and J availabilities. Get them from any 


Doehler-Jarvis plant, 
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NATIONAL OIL SEAL LOGBOOK 





LOOK AT THE 14 POINTS WHERE 
NEW! ALLIS-CHALMERS D-14 TRACTOR 


relics ON NATIONAL SEALS 


Se. %, 
*e/, J We , 
6, 
e 


At 5 positions in the new D-14, Allis-Chalimers specifies steel- 
encased, spring-tensioned National leather oil seals. Two additional 
positions employ steel-encased, spring-tensioned Syntech® 
synthetic rubber seals. At still another position, the control shaft 
torque tube, a springless rubber-covered National Syntech is used. 


All National seals in the D-14 (and many in Allis-Chalme ee eee new 
D-17 tractor) are standard design National seals. National supplies over 2,500 
different types and sizes of oil seals, leather or synthetic. New seals 
are being designed daily to meet special applications. 


For factual, professional engineering help on any shaft sealing 
problem, call your N. ational Ap plications E ngineer. 
He’s listed in the Yellow P ages, under “Oil Se ~als—National Seal 
Division.” He’s bac ked up by 36 years of sealing experience, 
and the productive capacity of three modern plants. 


NATIONAL SEAL Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California; Plants: Van Wert, Ohio, Downey and Redwood City, California 4589 
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ANACONDA PROTECTS THE POWER 
WITH ENJAY BUTYL RUBBER _ 


Talk about impact resistance! The 5-year-old Anaconda 
cable supplying this giant shovel with power was buried 
under thousands of tons of rock when a whole wall of 
the open pit mine caved in... yet li.e cable continued to 
supply power! This is one of the many Anaconda prod- 
ucts featuring Enjay Buty] for outstanding performance. 

Enjay Butyl is unmatched in its resistance to impact 
and abrasion, moisture and weathering, ozone and 
corona... properties that make it the world’s out- 


standing rubber value. 
Low in cost and immediately available in a grade RB U T Y i 


cetieadaidl for. your electrical application, Enjay Butyl is the rubber to boost 
performance and cut costs. For further information, and for expert technical j 
assistance, contact the Enjay Company. Enjay Buty] is the world’s greatest rubber 
value ...the super-durable rubber with 
Pioneer in Petrochemicals outstanding resistance to aging « abra- 
sion « tear « chipping » cracking * ozone 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N.Y. and corona « chemicals « gases « heat « 

Akron Boston* Chicago + Detroit * Los Angeles * New Orleans* Tulsa cold « sunlight + moisture. 
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Coring Too Intricate For Die Casting? 


PARKER SALES ENGINEERS 


BELLEFONTE, Penna. 
Warren G. Olson @ 420 East Linn Street 


CHICAGO 49, Ill. 
Ollie J. Berger Company @ 2059 East 72 Street 


CINCINNATI 14, Ohio 
William H, Broxterman @ 2430 Central Parkway 


DETROIT 35, Mich. 
Hodgson-Geisler Co. @ 18917 James Couzens 


GIRARD, Penna. 
Daniel F Marsh @ 35 Chestnut Street 


LONG BEACH 11, California 
R. W. Fletcher © 2803 Loomis Avenue 


PHOENIX, Arizona 
Fred B. Larsen @ 6108 North 11 Avenue 


ST. LOUIS 3, Mo. 
Frank May @ 4378 Lindell Boulevard 


SYRACUSE, N. Y. 
J. C. Palmer @ 712 State Tower Bidg. 


WILTON, Conn. 
Girard L. Palmer @ Belden Hill Road 


WINTER PARK, Florida 
Duane P. Davis @ 110 South Orlando Avenue 
Box 26 


Because of intricate coring—together with internal 
bosses—sand casting seemed to be the only way to make 
this part. Necessary finish machining, however, boosted 
costs too high. 

Then Parker die casting engineers tackled the job— 
and licked the coring problem. The result: a part with 
greater density, closer tolerances, better surface finish, no 
finish machining and—best of all—much lower cost per unit. 

Here is just another example of the way Parker- 
engineered die castings save you money. 

Parker has been a leader in die casting for over 50 
years—an old hand with new ideas. This skill and ex- 
perience can solve problems—and save money—on your 
component parts. Just call the nearest Parker sales en- 
gineer or send your prints to the factory direct. 


Parker White Metal Company e 2153 McKinley Ave., Erie, Pennsylvania 


high pressure 


PARKER 


ALUMINUM and ZINC 
die castings 


POWDERED METAL PARTS 
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IF YOUR PRODUCT IS VALVE-EQUIPPED— 
JENKINS VALVES WILL ADD AN 


Extra, Saas Feotinnty| eee 
You gain for your product the 


prestige of Jenkins Valves built 
by Jenkins continuous advertis- 
ing in Fortune, Business Week and 
25 other publications covering 
every valve-using industry. 











You get the extra sales advantage 
of Jenkins famous Diamond and 
Signature trademark which iden- 
tifies each valve. 


-nd hows how You 


SAVE TIME AND TROUBLE 


You profit by Jenkins long ex- 
perience in supplying valves for 
all types of products. 


You add the valve know-how of 
Jenkins Engineers to your own 
designing skill. Modifications of 
standard valves, such as special 
handwheels, etc., can be pro- 
vided when required. Send cou- 
pon today for information. 
Give your product, and its pur- 
chasers, the extra value of Jen- 
kins Valves . . . it costs no more. 
Jenkins Bros., 100 Park Ave., 
New York 17. 


SOLD THROUGH 
LEADING INDUSTRIAL DISTRIBUTORS 


JENKINS 


LOOK FOR THE DIAMOND MARK z 


4 since TRADE 7 
a 
1964 — S 





JENKINS BROS., 100 Park Ave., New York 
Send Catalog No. 56............ 





ep r 


COFFEE URNS + PUMPS AND COMPRESSORS } “=~ 
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HOW CAN YOU USE THIS NEW TYPE OF 


ArmaSteel 


Tensile strength, 105,000 e 


elongation in 2”, 2% . 


Minimum yield, 85,000 ° 
Brinell hardness 269-302, (3.5-3.7 mm) 


Minimum 


Machinability 20% better than steel of same hardness! 


ARMASTEEL 88M has been developed to fill the 
automotive industry’s needs for a material having in- 
creased wear resistance and high yield strength, yet at 
the same time retaining good machine characteristics. 


ARMASTEEL 88M does not require heat treating 
and thus relieves customer facilities or eliminates 
capital expenditures. In many parts, distortion is a 
problem after heat treating. Parts made from Arma- 
Steel 88M can be machined without further heat 
treatment and still give good wear resistance. 


This new castable metal is a pearlitic malleable iron 
which possesses substantially the same strength and 
the same wear characteristics as alloy steel forgings. 
Being a castable material, it has the two advantages 
of design flexibility and good machinability. Why 
88M possesses these characteristics—and how it will 
fill the needs of American industry will be of interest 
to manufacturers and engineers in many fields .. . 


PRODUCTION OF 88M—By accurately controlling 


Automatic Transmission 
Planet Gear Carrier 


Universal Joint Yoke 


the heat-treatment of 

ArmaSteel 88M in con- 

trolled atmosphere fur- 

naces at 1750° for ap- 

proximately 15 hours, all 

massive carbides are re- 

moved. This heat treatment is followed by a rapid air 
quench from high velocity fans. Tempering is control- 
led to provide a narrow range of hardness. 


Surface hardening of ArmaSteel, if desired, does not 
require carburizing. Instead, flame-hardening, induc- 
tion-hardening or simple immersion methods may be 
used. A surface hardness of 50 Rockwell C to 60 
Rockwell C can be readily obtained. Wear-resistant 
properties in the hardened area are comparable and 
sometimes better than carburized steel, while the re- 
maining sections retain their original toughness. 


MACHINABILITY—In addition to performance 
characteristics, ArmaSteel offers good machinability. 
Carbon spots that are present in the Matrix of 
ArmaSteel allow the chips to break off readily, effec- 
tively reducing machining time and prolonging tool 
life. In comparative tests, ArmaSteel shows itself to 
be a more freely-machining material than steel bar 
stock or forgings of the same Brinell hardness. 


Because of its ability to assume the shape of practi- 
cally any molded cavity, 88M not only permits great 
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PEARLITIC MALLEABLE 


IRON? 


fe SS M developed by 


CENTRAL FOUNDRY DIVISION 


freedom in design but also possesses certain inherent 
physical characteristics not present in forgeable alloys. 


APPLICATIONS—ArmaSteel 88M is now being cast 
for automatic transmission planet gear carriers and 
universal joint yokes for leading automobile manu- 
factures. Other interesting applications now in the 
testing stage include transmission output shafts, and 
diesel engine idler, balance and crankshaft gears. 


Just what hundreds of other applications are in store 
for 88M is still anyone’s guess. But the more one ex- 
amines its characteristics, the more it would seem 
that it will fill many needs in many types of products 
and industries. In your products, for example, you 


Diesel Engine Idler, Balance and Crankshaft Gears 


Transmission Output Shaft 


may well see where 88M could both improve per- 
formance of components subject to great wear or 
great stress, and at the same time reduce final cost 
because of the economy in casting and the economy 
in a material with superior machining characteristics. 


CASTING—Parts are cast in ArmaSteel 88M, here 
at Central Foundry Division, in either standard green- 
sand molds or the newer, more precise shell-molds. 
In addition to 88M, Central Foundry Division pro- 
duces castings, on a volume basis, in grey iron, alloy 
grey iron, malleable iron, and ARMASTEEL 84M, 
85M and 86M. 


Our research facilities and engineering staff are pre- 
pared to help you determine whether 88M or any 
of the other materials now being cast at Central 
Foundry will fill your needs or help you reduce your 
over-all product cost. 


Write for your copies of our two comprehensive 
manuals, “ARMASTEEL” and “SHELL CASTINGS” 


CENTRAL FOUNDRY DIVISION 


MICHIGAN 


GENERAL MOTORS CORPORATION 
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For 
convenient, 
dependable 

clutch 
operation eee 


ecethe swing is fo . 


A good example of how air-operated 
clutches are used in modern heavy- 
duty machinery may be found in the 
current MASTERLINE No. 24 Auto- 
matic Production Lathe made by Gis- 
holt Machine Company, well-known 
machine tool manufacturer located at 
Madison, Wisconsin. 

The No. 24 Automatic Lathe incor- 
porates a Twin Disc PO-114 Air 
Clutch for disconnecting the primary 
V-belt drive. 

The rugged, heavy-duty construc- 
tion of the PO Air Clutch—plus its 
high torque capacity—prompted this 
choice for the heavy-duty automatic 
lathe . . . but there are other reasons, 


too. Twin Disc PO Air Clutches offer: 


@ A complete range of sizes... 
from 8” to 36” ... to 127,100 lb.- 
ft. in torque capacity. 


@ Triple-plate, double-plate, and 
single-plate designs . . . to meet 
the widest variety of require- 
ments. 


Clutch mass properly distributed 
in relation to friction area... for 
long life on high energy loads. 


Compact and rugged construc- 
tion .. . with unusually narrow 
width for replacement of old- 
style clutches without extensive 
redesigning. 


Latest models in the long-established, 
job-proved Twin Disc PO Air Clutch 
line are the new 8”, 10” and 113%” 
sizes. These incorporate an exclusive 
cartridge-type diaphragm of long- 
lasting reinforced neoprene which 
eliminates leakage. They provide con- 


stant torque capacity without adjust- 
ment ... and are self-compensating 
for wear. 
Like all Twin 
Disc PO Air 
Clutches, these 
new sizes prove 
excellent wher- 
ever the conveni- 
ence of remote 
control is desired 
of necessary, 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin + HYDRAULIC DIVISION, Rockford, Illinois 
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NYONE for a trip to the moon? Five years, or perhaps even 

A five months, ago the general public might have labeled such 

a question as the mark of a crackpot or comedian. But today 

—well, two sentinels circling endlessly overhead bear mute witness 
to the reality of man’s achievement. 

The successful launchings of Soviet satellites have met with 
mixed feelings all over the world. There is no denying that we 
have lost prestige in the race for space and will have to redouble 
efforts if we are to catch up—and go ahead. But whether we like 
to admit it or not, one fact stands out: The Sputniks are magnificent 
engineering achievements. 

Few events in our history have so completely captured the 
public interest as the arrival of these planetary travelers. However, 
underlying that interest has been an uneasiness; a fear of the un- 
known, of what man has bitten off for himself, of the possible mili- 
tary advantage gained by a potential aggressor. 

No one can calculate the total effect all of this has had on John 
Q. Public. But of one thing we can be sure. Any plan to catch up in 
this crucial race for technical superiority will require his whole- 
hearted support. This endorsement will not be blindly given. He’s 
going to be asking a lot of questions about a lot of things—and he’s 
going to want, and expect, truthful, realistic answers. 

For engineers, the opportunity is one of first magnitude. The 
basic facts of space flight are relatively simple and have been known 
for some time. By giving their ear and attention to the public as 
informed “consultants,” engineers can help to dispel some of the 
fears, doubts, and tensions of those around them. By word as well 
as by deed, they will not only be making a valuable contribution to 
national security but will be taking a giant stride forward in the 
direction of the status they seek. For it is such conduct—unselfish 
service to the public—that is in the highest spirit of the true pro- 


fessional. 


ASSOCIATE EDITOR 





How to Measure 


Engineering Department Efficiency 


. .. @ fast, accurate method of making a time allocation study 


SUAL objective of timing engineering activi- 
ties is entirely different from that of timing 
production operations. Factory operations 
are usually of a repetitive and fairly simple nature. 
After proper time study, a “standard” time can 
be established during which one operational cycle 
can be performed. This standard time is then 
used to predict hourly output, manpower require- 
ments, labor costs, etc. 
Due to the complex, nonrepetitive nature of en- 
gineering activities, time study in the usual sense 
is useless and is replaced by a study of time allo- 
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cation. This is, basically, a study to determine the 
percentage of the engineering day spent on each 
of the various activities carried on—designing, 
planning, research, drafting, etc. The usual way 
to study such a complex operation is to keep a 
running check of the engineer’s day, recording 
what he works on at each moment. The results of 
the study can then be used to predict manpower 
needs, measure departmental efficiency, indicate 
necessity of reassigning jobs, etc. 

Such a continuous study, if performed by a 
second person capable of judging what is being 


Fig. 1—Work sheet for 
making observations dur- 
ing trips through the en- 
gineering department 
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By RICHARD PAULSON 


Consulting Engineer 
la Jolla, Calif. 


done, may easily cost more than it is worth. In 
addition, resentment toward the study is certain 
to be felt by the person being timed. With some- 
one watching him constantly throughout the day, 
the engineer is likely to skip the time he normally 
devotes to personal items and spend his time in a 
highly productive, but personally unsatisfactory 
manner. Engineering executives who have made 
studies of their own day, by keeping an account 
of what they did during each hour, usually find 
that the day is highly productive due to the self- 
imposed monitoring, but is not a “normal” day 
by any means and is nearly useless for planning 
or measuring purposes. 

Due to the cost, inaccuracies, and personnel 
problems associated with continuous time-alloca- 
tion studies, a technique has been developed to 
accomplish the desired objective by a simple form 
of statistical sampling. This method is based on 
the theory that studies taken in quantities, record- 
ing what each man is doing at one particular time, 
will accurately indicate how a group of people 
are spending their entire working day. This is 
the true purpose of time-allocation studies—deter- 





Definition of Terms 
Time Study—A stop-watch study of a 
standardized, repetitive operation. Ob- 
jective is to find number of operations that 
can be performed in one hour or day. 
Use is for finding labor cost, manpower 
requirements, production quantities from 


a given time, etc. 

Time-Allocation Study—A timed, continuous 
study of nonrepetitive operations made by 
recording the time spent on each individu- 
al activity. Objective is to determine utili- 
zation of time, analyze a job, or to es- 
tablish historical data for estimating time 
for future, similar jobs. 

Ratio-Delay Time-Allocation Study—A near- 
ly simultaneous observation of a random 
number of people (part of a larger group), 
recording what each is doing at the time. 
Objective is to determine overall or aver- 
age utilization of time for each activity 
carried on by the group. 











mination of departmental efficiency and pointing 
out specific activities that may contribute to low 
efficiency. 

To measure efficiency or productivity, the job 
to be done must be defined. It must be decided 
which of the activities that are associated with 
an engineer’s job should be done by him. Many 


Loy Out of Bidg xYx 
Engineering Floor —Sect. } 
4 Engineers per Area 








Fig. 2—Layout of en- 
gineering department, 
with stations num- 
bered and observer’s 
Positions noted 











X= Exact point of observation 
where reading will be taken 
Office Area —— ” 
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activities that are associated with his job may 
or may not be justifiably considered productive 
engineering activities, depending upon whether or 
not individuals with less training and skill are 
capable of handling them. 

What is productive engineering time? Thinking, 
studying, research, analyzing, reading, designing, 
drafting, checking, consultation, sharpening pen- 
cils, or plain day dreaming may all be considered 
productive. Only by determining the actual per- 
centage of the engineering-department day that 
is utilized for each of the many activities going 
on, can any realistic appraisal of relative effi- 
ciency be made. 


Preparing for the Study: A study of time allo- 
cation can be easily made on a departmental basis. 
A record of activities of individuals, picked on a 
random basis, will accurately indicate what is 
being done within the department. If such a study 
is made daily for a matter of a few weeks, very 
accurate results may be obtained and a study 
made of operations performed and percentage of 
total time spend on each individual operation. 

Naturally, since engineers are both human and 
intelligent, there is likely to be a tendency to ap- 
pear productive when the observer comes by. It 
is beyond ordinary reasonableness to expect that 
three men standing around a water cooler will 
not disperse when they see the observer coming. 
For this reason, the work areas are numbered 
and only about half are checked on each trip. 
The areas to be checked are selected on a ran- 
dom basis. Random checking of only a half also 
permits the check to be made much faster, re- 
ducing the tendency of the personnel to turn to 
other work. 

To a very large degree, the success of such a 
program is tied in with proper indoctrination of 
the personnel. The program should be explained in 
detail, how it will be handled, by whom, and most 
of all, why. It should be pointed out that the pro- 
gram is set up to measure overall departmental 
efficiency, with the objective of reducing non- 
productive and nonengineering time. As long as 
efficiency is to be increased by reallocation of work 
assignments, reassignment of nonengineering jobs, 
and simplification of procedures, engineering de- 
partment personnel may be expected to co-operate 
and support the program. This will be especially 
true if it is known that the program is not part 
of a get tough policy; that time normally spent 
on purely personal matters will be curtailed little 
if any, and that in any case, all results are plotted 
on a departmental, not on an individual, basis. 


The Study Method: The actual time allocation 
study is performed by a method known as Ratio 
Delay. This method has been associated with terms 
such as work sampling, ratio observations, the 
Monte Carlo method, random sampling, and others. 
The ratio delay method was introduced into this 
country in 1940 by Robert Lee Morrow of New 
York University and has since successfully demon- 
strated its usefulness in solving various problems 
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Fig. 3—Above—Summary count sheet for determin- 
ing cumulative percentage values for each activity. 


Fig. 4—Chart for plotting cumulative percentage read- 
ings of one specific activity. In this case, the “normal 
work cycle” activity readings are plotted. 


M T w I F M i w T F 


Cumulative Daily Reading of Percentages for 
"Normal Work Cycle Activities 


accurately and inexpensively. 

Although based upon statistical systems, the 
application of the study method is quite simple. 
The engineers are observed and the activity at 
which each is working is noted. At the end of the 
day, the number of men found engaged in each 
specific activity during each observation trip is 
totaled. As the study progresses, cumulative totals 
and cumulative percentages for each daily total 
are carried for each activity. After observations 
have been made for a number of days, an accurate 
time-allocation figure can be assigned to each of 
the activities performed by noting the final cumu- 
lative percentage value. 
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RESULTS OF ENGINEERING DEPARTMENT STUDY 


A time-allocation study was made of the engineering department 
of the XYZ Mfge Coe Purpose of the study was to determine the 
productivity of the department and to locate and measure any 
nonproductive activities. 


The study was discontinued at the end of 20 days, since the curves 
had reached a point of stability and further observations were 
considered to be of little value. 


Engineers were found to be devoting the time of each day to 
various activities as follows: 


Designing 

Computing ---------- 5 

Compiling information - - - - 

Consultation (meetings) - - - 

Library research 2 

Other (break-down attached) - 

Idle personal 20 (this is much too high and should 
be thoroughly investigated) 


Routine drafting 
= computation 
= graph work 


The results of the study shown above indicate that the engineers 
are spending 4 per cent of the day (or just under four hours) 
on clerical and nonengineering tasks. With these superfluous 
activities pinpointed and measured, steps can now be taken to 
alleviate this condition. 





Fig. 5—Typical analysis based upon study 


Among the main advantages of this method are 
the ability to obtain facts at one-third to one- 
sixth the cost of continuous observations, and the 
opportunity to acquire facts not usually secured 


by any other means. 

As far as disadvantages are concerned, there 
seem to be none, except those applying to all 
time-measuring methods. The tendency for people 
to become uneasy when being observed doing their 
work can be overcome by proper indoctrination. 
In fact, a study such as this must be completely 
above-board from the very start. All concerned 
must be made fully aware of the reason for such 
a study. Otherwise, suspicion and resentment can 
create any number of difficulties. 


Records and Forms Required: Assume that it is 
desired to make a study within an engineering 
department to determine utilization of engineering 
time. First, a work sheet is devised, Fig. 1, with 
a list of as many items as possible that are ex- 
pected to be found among the engineering group’s 
activities. Notice that the items shown as “routine” 
are comparable to what is normally considered as 
avoidable or unavoidable delays, that is, these 
are the “nonproductive” operations. In some en- 
gineering departments, these may be considered 
as normal engineering duties, and the listing shown 
should be considered only as a typical example. 

Each of the items on the work sheet should be 
defined on data or job breakdown sheets as clearly 
as possible, so that observers and individuals be- 
ing observed agree on identification of the ac- 
tivity as it is being recorded. For example, when 
a person is observed drawing sketches, it must be 
determined at the time of the reading whether 
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this person is “designing” (Item A-1), or “draft- 
ing” (Item C-7). Another case might concern an 
individual reading a newspaper (Item C-15). If 
he is reading the comics, it will have to be con- 
sidered as “Idle Personal’ (Item B). If it is tech- 
nical information, it will remain as Item C-15. 

Since sampling will be done at random, each 
run will not be started at the same place. A layout 
of the department is made, Fig. 2, and each en- 
gineering desk is numbered or identified to cor- 
respond to the stations on the work sheet. Each 
station is marked with an X, so that the observers 
will know the exact location for taking a reading. 

Length of time required to complete the study 
and the amount of accuracy expected from the 
readings must be determined. For example, it is 
assumed necessary to run the study for four weeks, 
at which time it is expected that readings will 
have the accuracy desired. A sheet is maintained 
to tabulate cumulative daily readings, Fig. 3, and 
also a number of charts for plotting the individual 
activity readings, Fig. 4. 


Making the Study: Observers make a quick tour 
of the department and note the work activities on 
the work sheets as they occur. Perhaps a half 
hour or so later (no preplanned time, since it is 
to be random sampling) another tour is made, 
but beginning at a different point than the first. 
This will continue throughout the day with no two 
succeeding tours following the same pattern. 

If the study is well planned (as it should be), 
the observers will have determined beforehand a 
series of different routes or tours which will be 
followed throughout the st:dy. Assuming 20 en- 
gineers are involved, each might be identified by 
number and each tour planned as follows: 

Tour A w= 15, 3, & 4 6 9, 12 16, 3,4 7 

Tour B= 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 2 

Tour C — 19, 17, 15, 11, 16, 13, 14, 1, 38 

Tour D = 11, 2, 4, 6, 8, 10, 5, 9 

The actual length of the study is determined 
by how long it takes the values for the activities 
selected as most important to stabilize. A separate 
chart must be maintained for each activity studied, 
Fig. 4, but not all of the activities will warrant 
keeping records on. The readings begin to form 
a pattern after the first week of study. When 
the study has been completed, an analysis is made, 
Fig. 5. The analysis, based upon the completed 
study, quickly and accurately determines the true 
condition of the engineering department. As in 
the example given, the analysis may offer definite 
proof that assistance should be given the engineers 
in the form of clerks and technicians, and about 
how many will be required. On the other hand, 
the analysis could give entirely opposite results, 
revealing excellent utilizatiou of available engineers 
and thus indicate that productivity of the depart- 
ment cannot be increased without additional en- 
gineering manpower. In either case, the analysis 
is frequently exactly the logical justification neces- 
sary to sell plans to skeptical management. 





scanning the field for ideas 


Opposed, internal gear rack ele- 
ments are used to provide linear-to-rotary 
motion conversion in a power cylinder de- 
veloped for hydraulic or pneumatic serv- 
ice. The design, developed by Thompson 
Products, Michigan Div., has two pistons, 
each with an integral rack projecting from 


the inner face. The two racks mesh with 
a piston mounted in the center of the cylin- 
der. Fluid entering the ends of the cylinder 
forces the pistons and racks inward, turn- 
ing the pinion and its shaft. Reverse ro- 
tation is obtained by forcing fluid between 
the pistons. 


Fluid inlet for 
| clockwise rotation 














Fluid inlet 
for counter- 
clockwise 
rotation 
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Dual-purpose nameplate also serves as 
junction-box cover with service data stamped 
on inside face. The inner face, protected from 
wear and damage, contains service, wiring, and 
maintenance data. Designed by Cycledynamics 
Inc., the nameplate must be removed to pro- 
vide access to wiring. 


Jigsaw construction of wheel hub and flange 
elements offers advantages in production and as- 
sembly operations. In this design, mating hub 
and flange halves are produced as one piece, then 
cut apart in a gear-like design. By rotation of the 
hub half, the “teeth” of hub and flange overlap 
to provide contact surfaces for joining by bolts. 
The design was developed by Rapids-Standard Co. 
Inc. for a demountable-rim wheel. 





USING DIGITAL COMPUTERS 


Design engineers often find that 
paths to finished products lead through 
masses of routine calculations. They're 
essential, but they're also a burden. 
Anything to lighten the load is wel- 
come. 

Today, help is here in the form of 
digital computers. What they now do 
and what they will do for the designer 
is the subject of this article—the prac- 
tice, problems, and possibilities of com- 
puterization. 


to spend a lot of time on hand calculations. 
Often, this work consumed all his working 
day. Now, however, computers can assume most of 


B EFORE computers, the design engineer used 


this burden. One result is the opportunity to up- 
grade design men to jobs which require them to 
think creatively 90 per cent of their working time 
instead of spending 40 per cent in standard calcu- 
lations. 


> Current Practices 


The design engineer is frequently required to 
specify properties and capabilities of proposed new 
products. He often does this by reviewing previous 
designs. If something close is available, he scales 


gineer must fill out drafting instructions and then 
manufacturing instructions. 

The word ratioing is important because all large 
electrical equipment manufactured in “lines” has 
certain available punchings and a choice must be 
made of one for a new design. The job is one of 
analysis—choosing the most appropriate punching, 
and analyzing the rating to see if it fits the punch- 
ing. For small machines, where new punchings are 
inexpensively created, the design procedure is more 
flexible and a new design may be “synthesized” to 
meet customer requirements. 


Search and Synthesis: Now let’s see what the 
computer can do in this case. First, consider the 
problem of a suitable design. Most electrical ma- 
chinery manufacturers have a wide variety of de- 
signs already prepared and it is only a matter 
of finding the one most nearly suitable. A com- 
puter makes possible two courses of action: 


1. Prepare a “filing-clerk” deck to seek out a 
design. 

2. Ignore previous designs and simply design the 
new machine to specifications. 


Most people today use computer design decks 
simply to augment presently available designs. 
When a search of file books fails to reveal the nec- 
essary design, then the computer deck is set to 
work preparing new designs. 

However, the computer can also eliminate the 


Table 1—Typical Inputs and Results 





up the new design from the old one. Without a Computer Inputs |§ Computer Outputs 


computer, this is time-consuming, slide-rule work. 

For example, in electrical rotating machinery, a 
new generator may be “ratioed up’ from an old 
design. However, special requirements such as low 
harmonics, high efficiency or an odd voltage may 
take still more time. If the design is a motor, the 
torque requirements may require tedious design 
work and difficult decisions, since high starting 
torque and low inrush current are opposite require- 
ments. Also, calculating torque-speed curves is 
slow work with complex numbers. 

Once the “slide rule slavery” is over, the en- 





Flux densities 

Losses /efficiency 

Excitation 
requirements 


Wire sizes 
Punching dimensions 
Rating 


Analysis 





Wire sizes 

Punching 
dimensions 

Weight 

Cost 


Flux densities 
Losses allowed; 
Efficiency 
Excitation allowed 
Starting current 
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manual search of file books. This is done by suc- 
cessively eliminating specified variables, using the 
choice or logic circuits. A desired product may be 
a synchronous motor design of 1200 hp, 6 poles, 
60 cps, and 0.8 power factor. The computer deck 
is set up to eliminate one variable at a time. First, 
the horsepower rating is compared to every other 
rating, one at a time. This comparison might sim- 
ply be subtracting 1200 from the compared rating. 
Naturally, when 1200 is reached, a zero is obtained 
which signals the computer to shift to a new loca- 
tion (storage) instead of proceeding further on 
horsepower. 

The new location causes the computer to search 
poles. When 6 is reached, in this case, another 
shift occurs. Eventually (actually in, say, 10 sec 
or so), we arrive at a storage location for which 
horsepower, poles, cycles and power factor are cor- 
rect. This location then directs the computer to 
point out a series of numbers designating all the 
designs that meet the desired specifications. If 
the computer were large enough, the actual designs 
themselves would be provided. Thus, the design 
engineer would have all previous designs that meet 
certain of the specifications. 

What the computer does, essentially, is to cull 
over all the available designs, gradually eliminating 
until all desired specifications are met. It would 
be entirely possible to establish a variable number 
of specifications. For example, if 6 criteria were 
set, but did not yield a design, the process could 


Table 2—Aliotment of Time in Computer 


Programming 





Time 


Operation 


(per cent) 





* 
10 


20 
20 


10 
40 


. Prepare a design method. 

. Establish philosophy of solution on 
computer. 

. Set up equations in the desired order. 

. Program (translate solution into 
computer language). 

. Punch program deck. 

. Run deck through machine and 
debug. 





*Previous work 
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be repeated with 5 criteria. If a wider spread of 
designs is desired, only 3 or 4 specifications need 
be set. 

Presuming the computer to have gone through 
the files without success, the design engineer then 
asks the computer to design a machine for him— 
essentially a process involving synthesis as shown 
in Table 1. 

Synthesis consists essentially of obtaining a ma- 
terial list and design instructions from specifying 
the required output. Analysis is considered to be 
the reverse. 

Computer decks can be set up to combine syn- 
thesis and analysis. For example, a synchronous 
motor may be computer-designed in a certain 
punching, except that the computer is asked to try 
various damper windings in order to come up with 
acceptable starting and maximum torques. Once 
the computer has provided the design engineer with 
a generally suitable paper machine, he will ask 
further for calculation of many ranges of data such 
as: 


Vee curves 
Regulation 

Losses 

Torque-speed curves 


Reactances 

Time constants 
Harmonics 
Load-saturation curves 


Program: The digital computer has advanced 
tremendously in the last five years. Programming 
a computer is now extremely simple so that the 
time spent is mostly used in setting up the equa- 
tions and debugging. General procedure is shown 
in Table 2. Preparation of a major design deck for 
a machinery section may require between 300 to 


600 engineering man hours. The time would be 
divided up approximately as Table 2 shows, except 
that the coding would be done by an engineering 
assistant working with the engineer. 

For the computer specialist it is sufficient that 
the results and program be in computer language. 
For example, 04 1950 1060 might mean “Add core 
loss to copper loss.’”’ But for the design engineer, 
and all others not continuously close to computer 
technology but primarily interested in the results, 
the above step should be printed out as stated: Add 
core loss to copper loss. Equipment to perform 
this step automatically is gradually becoming avail- 
able. When fed the written instruction “Add core 
loss to copper loss,” the machine will know what to 
do. For its own consumption, the machine may 
have to translate to computer language first, but 
it will do this automatically. The results will be a 
printed statement that reads: 

1. Copper loss in stator 

2. Core loss in stator 


1500 w 
700 w 


In computer language, the results might read 
5315000000, 527000000. To translate, a position 
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Example-—Two Computers Find Motor Rotor Temperature 


Less complex computers, like 
those of early design, are able 
to do arithmetic and thereby lift 
many burdens from the engineer 
because many of his calculations 
reduce to addition and subtrac- 
tion. For example, suppose the 
temperature of a motor rotor is 
to be calculated with the equa- 
tions: 

r = To(1 + at) (1) 

Qg =r 

t= RQ 
where: 

Yo = Rotor resistance at base 

temperature 

r = Rotor resistance at tem- 

perature t 

a = Temperature coefficient of 

resistance 

i = Rotor current 

Q = Power loss in rotor 

R= Thermal resistance be- 

tween rotor copper and 
air 

t = Temperature of rotor cop- 

per 

A temperature ¢ must be as- 
sumed to calculate r. With this 
resistance @Q is calculated and 
then t. If t is a poor guess initial- 
ly, the calculated value of ¢ will 
be poor and recalculation is 
necessary, using a new answer 
for ft. 

For example, let: 

f%-—1 

a = 0.004 

i= 10 

R = 0.10 

t (initial) = 2 

Substituting in Equations 1, 2, 


r=1[1 + (0.004 X 2)] 
1.008 

100 X 1.008 = 100.8 

= 0.10 X 100.8 = 10.08 


1[1 + (0.004 X 10.08) ] 
1.0403 

100 X 1.0403 = 104.03 
0.10 X 104.03 = 10.403 


= 1[1 + (0.004 X 10.403) ] 
1.0416 
100 X 1.0416 = 104.16 

t= 0.10 X 104.16 = 10.416 

This process can be continued 
indefinitely, but since the change 
in t between Steps 2 and 3 is 
less than 0.2 per cent, a sufficient 
answer is available. 

When these steps are _ per- 
formed on an early digital com- 
puter, the operator must look at 
the answer for t between each 
step and feed back into the com- 


puter, by hand, the new value of 
t. This procedure is good, as far 
as it goes, but it requires a hu- 
man brain to be available at 
each small decision-making point. 

A considerable improvement on 
the earlier machine is the in- 
ternally programmed machine 
which can: 


1. Make decisions (i.e. choose 
one of any number of pos- 
sible paths of next action) 

. Implement the decisions 
(i.e. take the next action) 


In the problem just worked, 
the newer machine will compute 
a trial value of t, calculate a 
step, compare the answer to the 
previous one, recalculate if neces- 
sary, or stop if the answer is as 
close as desired to a “true” 
answer. 


Process 


The computer can be told to 
proceed as the table shows. 

In such a simple problem, it 
would have been simpler to put 
Equations 1 and 2 into 3 and 
get the exact value 10.444. But 
in the usual thermal! circuit prob- 
lems of machinery, a network of 
resistance elements is involved 
for which the equations become 
exceedingly complicated if the 
exact solution is attempted. How- 
ever, an “iterative” technique, as 
illustrated, works simply and 
rapidly (electronic speed). The 
design engineers need only speci- 
fy the equations and philosophy 
of solution in words (as the ex- 
ample shows). An engineering 
assistant will pick up the prob- 
lem from there and carry it out, 
giving back the answers the com- 
puter provides. 


Program 





. Calculate an in- 
itial value of t. 

. Calculate t (go 
through Step 1). 

. Calculate the per 
cent change in t. 


Change, % = ( 


t=2 (assumed) 


t = 10.08 
10.08 — 2 


) 100 = 404 
2 





.Is this change 
less than 0.2 per 
cent? 





. Since the answer 
is no (i.e. plus), 
put the calculated 
value of t back 
and recalculate t¢. 


t = 10.403 





. Calculate the per 
cent change in f. 


Change, % = ( 


10.403 — 10.08 


) 100 = 3.2 
10.08 





.Is this change 
less than 0.2 per 
cent? 





. Since the answer 
is no, put back 
recalculated ¢t and 
recalculate again. 


t = 10.416 





. Calculate the per 
cent change in f. 


Change, % = ( 


10.416 — 10.403 


) 100 = 0.125 
10.403 





.Is_ this change 
less than 0.2 per 
cent? 


0.125 — 0.2 = — 





. Since the answer 
is yes (i.e., mi- 
nus), stop and 
provide the an- 
swer. 
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decoder is needed and the decimal notation must be 
remembered. 


Capacity and Capability: Especially in large com- 
panies, computer time is now readily available. Com- 
puter centers at universities and business machine 
companies also offer computer facilities. Many prob- 
lems or parts of problems can be solved immedi- 
ately. Decks are available for obtaining roots of 
polynomials of any order, and for solving simul- 
taneous equations, algebraic or differential. Fur- 
ther, the special-purpose program decks of many 
company components are on hand and available. 

Computer decks can be designed to handle wide 
ranges of machines. Recently, the electrical de- 
sign and critical speed were needed on a new 
high-speed aircraft generator. It happened that a 
deck was available which provided critical speeds, 
but the deck was originally intended for shafts of 
many times the size of the aircraft generator. 
Likewise, an electrical excitation calculation deck 
was available, but it was normally used in 10,000 
to 50,000 kva generators. It readily provided the 
same data for the 40 kva machine. 


» Problems Computers Pose 


Programming: Naturally, the computer poses 
some problems of its own. One is: Who is to 
program the computer? It is generally preferable 
that all engineers, both managers and specialists, 
acquire the ability to supervise the programming of 
their problems rather than allocate the entire prob- 
lem to a computer staff. This policy holds the 
computer staff to the economical minimum needed 
to perform routine programming and to operate 
the machine. 

Design engineers should be asked to supervise 
and carry out the computerization of existing cal- 
culation methods. Development engineers should 
carry on new work to capitalize on the accuracy 
that can be obtained. Management must realize 
the time and money involved in programming and 
debugging computer decks. 

This requires first-hand knowledge of computer 
language. Roughly 8 to 10 months must be avail- 
able to prepare the engineering force of a medium- 
size company to use a medium-size, internally 
programmed computer. 


Assignment: Sometimes an alliance of the ac- 
counting and engineering forces facilitates the com- 
puterization of work. This may start off as an 
agreeable arrangement but usually becomes un- 
workable due to differences in the requirements of 
engineering and finance. Engineering usually needs 
computer time at odd hours, and immediately or 
not at all. This is the nature of requisition and 
proposition work. Accounting requires the same 
time regularly (i.e., the payroll must get out). 

Co-operation can perhaps be enhanced by allot- 
ting to engineering some small but regular time 
which must always be paid for even though not 
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used. Generally speaking, as the computer load 
grows, engineering and accounting should go their 
separate ways. Further, a scientific computer does 
not have the same fittings as a straight business 
machine. 


Confirmation: One problem may arise which has 
not yet been seen because of computer newness. 
That is the question: What is the computer doing? 
The origins of design methods tend to become ob- 
scure. As a result, engineers use rules of thumb 
and design equations by rote rather than knowl- 
edge. This is a trap, because assumptions made 
can vitiate the use of such results in certain 
cases. 

An example is the averaging method of calcu- 
lating speed torque curves for synchronous motors. 
The torque dip at half speed is not correctly rep- 
resented by the calculation method and could lead 
to a half-speed crawl in test if not recognized in 
time. 

The computer makes greater, not less, the pos- 
sible danger of pat design methods. For now, the 
computer has the brains and may tend to seem 
inviolable. It is easy to design by computer with- 
out thought to the limitations of particular de- 
sign decks. The assumptions and limitations of the 
decks should be carefully documented. Such 
documents should be required reading for persons 
using the decks. 


Correction: Ease of computerization and useful- 
ness of results have increased one burden rather 
than decreased it. That is debugging. One may 
program a problem, and if it is at all complicated, 
the answers will not agree with check points at 
the first or second try. Therefore, in computer 
decks of any size, it is well to use the means pro- 
vided to self-check the decks. 

If, by error, an operator tells the machine to 
do something it cannot, for example, it will stop 
and state its problem (in lights) and tell where 
within the computer deck the trouble lies. Al- 
most any error can be detected by the machine 
itself so it can inform the operator of the trouble 
and show where it is. Of course, the next step 
is self-correction within the machine. 


Cost: It takes courage for management to ac- 
cept the immediate high cost of a computer because 
it is not possible to balance the suddenly increased 
cost against correspondingly reduced manpower or 
increased efficiency. One cannot check off this 
and that job because the computer arrives. New 
jobs are created. The computer must be accepted 
as progress for which the payoff will come gradu- 
ally. 

The cost of computerization is roughly $50 per 
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hour for a medium-size, internally programmed 
machine. However, with proper preparation of in- 
put material and training of personnel, the time 
invariably can be well spent. 


» Possibilities for Computers 


Refinement of Estimates: Prior to the introduc- 
tion of computers, lack of manpower and lethargy 
caused some items in engineering quotations to 
be estimated or ignored. Now, with computers, 
it is easily possible to study the effects on per- 
formance of varying each of the input data. Ef- 
fects one at a time, two at a time, or n at a time 
may be studied. 


Design Optimization: A new possibility opened 
up by computerization is optimization of design 
within allowable time limits. In design quotations, 
time permitted the design engineer to make only 
one or two quick calculations and then a decision. 
By computer he can obtain all the possible designs 
or an optimized design from an optimizing computer 
deck. A common optimizing criterion is cost. For 
military applications it may be weight or output. 

An example of design optimization is that of air- 


craft generator weight which varies with reactance. 
An optimizing deck provides the lightest weight 
machine. Without the deck, time would not per- 
mit making enough comparable designs to be cer- 
tain of obtaining the optimum. 


System Optimization: Further, the computer 
opens up to the design engineer the possibility, 
eventually a competitive necessity, of system op- 
timization. Any machine is but a system com- 
ponent. Several machines plus controls often 
constitute the package sold. An optimum system 
would meet the system specifications on cost, for 
example, and one other property, the two being con- 
sidered simultaneously. Properties other than 
cost could be losses, response time, or output (rated 
and maximum). 


A Look Ahead: It will not be long before routine 
designs are carried out completely on a comput- 
er. Starting with customer requirements, the 
computer will furnish manufacturing instruc- 
tions and drawing numbers. Actually, causing 
the computer to issue drawings is a procedure now 
under development. 

The advances of digital programming into manu- 
facturing, in such forms as a card-instructed lathe 
or milling machine, suggest the idea that the 
customer may eventually specify his requirements 
and actually receive his neatly optimized apparatus 
from a completely automatic factory which devours 
instructions and raw materials to produce end 
products directly. 


Tips and Techniques 





Lines on Corrected Sepias 


The difficulty of producing clean, dark lines on 
sepia after the undesired portion of the drawing 
has been bleached out can be readily overcome. The 
desired lines are drawn on the sepia, right over 
the lines to be removed, just as if using a clean 
sheet of paper. Then, the old linings are bleached 
out, leaving clean, dark lines. Using this method, 
it is not necessary to worry about tearing the soft, 
wet paper nor to wait until the paper dries as the 
drawing is finished. Good scale is insured as the 
predrawn lines will shrink with the sepia during 
bleaching.—Ep L. GouLp, Hickman Mills, Mo. 


Locating Drawings 


Addition of a 1-in. diam hole, located in the bot- 
tom and title block corner of each tracing com- 
partment of tracing-file drawers, provides a con- 
venient method of locating tracings anywhere in 
the pile. This hole eliminates “dog-eared” corners 
on tracings, because the title block corner of the 
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entire pile is lifted from the compartment by in- 
serting a finger through the hole. The hole is 
easily installed using a 1-in. diam hole saw.— 
Tuomas C. Rostron, Schramm Inc., West Chester, 
Pa. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables or photos to: Tips and Techniques 
Editor, MACHINE DESIGN, Penton Blidg., Cleveland 13, O. 
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Ground Rules for Determining or Comparing 


BEARING CAPACITY RATINGS 


What they are 


How they are determined 


Their use in bearing selection 


By LEO FIDERER 


Senior Development Engineer 
Control Instrument Co. Inc. 


Brooklyn, N. Y. 


ratings for bearings made by different 

manufacturers. Thus, a comparison of the 
capacities of similar bearings made by different 
manufacturers is a difficult task. However, an 
understanding of the principles underlying the 
standards by which bearing-capacity ratings are 
established will simplify the selection process. 


bow methods are used to give load 


> Fatigue 


If a load on any structure is applied repeatedly 
and alternately from opposite directions, it causes 





Nomenclature 





- Bore diam, mm or in. 
= Load-ratio exponent 
= Specific dynamic capacity, lb 
; — Specific static capacity, lb 
Outside diam, mm or in. 
- Mean diam, mm or in. 
= Axial force, lb 
Radial force, lb 
Bearing life, hr 
Fatigue life, millions of revolutions 
= Speed, rpm 
= Equivalent radial load, Ib 
Radial capacity, lb 
= Torque, Ib-in. 
- Width, mm or in. 
- Coefficient of friction 
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a continuous reversal of stresses. Gradual dete- 
rioration of the material due to these stress re- 
versals eventually causes breakdown of the ma- 
terial structure. This fatigue failure may occur 
although the applied stress is well below the 
elastic limit. The number of stress repetitions or 
stress reversals is the critical factor in fatigue 
failure. 

When a ball or roller bearing is running under 
load, each point on the race over which the rolling 
elements pass is alternately under compressive 
and tensile stress. Therefore, each revolution 
causes a definite number of stress reversals which 
will eventually lead to bearing failure. If the bear- 
ing is correctly lubricated, mounted, and protected 
from dust and other foreign matter, fatigue is the 
only cause of failure. 


> Bearing Life 


The number of revolutions required to cause 
fatigue failure of a bearing under a certain load 
is called the “fatigue life” of the bearing. Because 
of the large numbers involved, life is commonly 
expressed in millions of revolutions. 

Bearing life, in terms of time, is a function of 
both the speed and the fatigue life of the bearing 
and is expressed as 


L 
Ly = N ( 7 


60 7 


From this equation, it is apparent that for a given 
fatigue life and load, the hours of operation of 
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Fig. 1—Bearing Capacity Nomogram 
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a bearing are inversely proportional to the speed. 

Despite the high precision, uniformity, and qual- 
ity obtained in the manufacture of bearings, dif- 
ferences in the life of apparently identical bear- 
ings are unavoidable, due to manufacturing and 
material variations. If a large group of seemingly 
identical bearings are run under the same load, 
speed, and operating conditions, some bearings will 
fail early, while others may last four times as long 
as the average of the group. 

Many bearing manufacturers have conducted ex- 


Table 1—-Recommended Bearing-Life Values 





Type of Application Bearing Life, L, 
) 


(hr 





Instruments and apparatus for infrequent use: 
Demonstration apparatus, devices for operating 


GRdIng GOOES 2.0 ec ccccccccccccccccscscseccsesee up to 500 
Aircraft engines 500 to 2000 
Machines for short or intermittent operation, where 
service interruption is of minor importance: 

Hand tools, hoists, hand-driven machines, farm 

machinery, assembly cranes, charging machines, 

foundry cranes, household appliances .......... 4000 to 8000 
Machines for intermittent service where dependable 
operation is of great importance: 

Auxiliary machines in power stations, work- 

moving devices on production lines, elevators, 

general-cargo cranes, less frequently used ma- 

chine tools seRphewks c006deusweeeaatune 8000 to 14,000 


Machines for 8-hr service which are not always 
fully utilized: 
Stationary electric motors, 


Danner siecsict gear 
drives sedeeteetiaanaraes 


. 14,000 to 20,000 
Machines for 8-hr service which are fully utilized: 


Machine tools in general, continuous - service 
cranes, blowers, jackshafts ................+.+.. 20,000 to 30,000 


Machines for continuous (24-hr) service: 
Separators, compressors, pumps, roller conveyors, 
mine hoists, stationary electric motors. . 50,000 to 60,000 

Machines for continuous (24-hr) service where de- 

pendability is of extreme importance: 

Cellulose and paper machines, public power sta- 


tions, mine pumps, public pumping stations. ....100,000 to 200,000 





Courtesy, SKF Industries Inc. 
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tensive tests on bearing life. Data from such tests 
give a fair indication of the percentage of bear- 
ings in any group that will reach a certain life. 
One of two methods of determining life expectancy 
is used by most bearing manufacturers. Some use 
the “minimum life” (B-10 life). This signifies that 
90 per cent of any large group of bearings of the 
same type and size will have a life longer than 
the rated life, and 10 per cent will fail before 
that life is reached. Other manufacturers use the 
“average life,” ie., 50 per cent will exceed the 
rated life, while 50 per cent will fail before the 
rated life is attained. The average life is five 
times the minimum life. Before comparing load 
ratings, the designer has to ascertain, from the 
manufacturer’s catalog, which of the two rating 
methods is used. 

The choice between the two life-rating methcds 
demands special care. For example, in machines 
that require continuous, dependable service, it 
would be sound practice to use the minimum life 
for the basic rating of the bearing. The “average 
life” implies that there is one chance out of two 
that the bearing would fail before the rated life 
is reached. 

Bearing replacement would not only involve the 
bearing cost, but also the expense of disassembly 
and reassembly of the machine. More important, 
the cost of lost production time, when the ma- 
chine is stopped for maintenance, is often pro- 
hibitive. 

On the other hand, in mass-produced items and 
when the bearing can be quickly and easily re- 
placed, as in automobiles, it is often advisable to 
use the average life for the basic rating. This 
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is especially important when the cost of the 
product has to be kept at a minimum for com- 
petitive reasons. 

Table 1 gives the minimum bearing life to be 
used in various types of machinery. Of course, 
the designer’s judgment has to be used in each 
decision on bearing life. Generally, the bearing 
should serve as long as the other machine com- 
ponents. 


> Relation Between Load and Life 


From tests conducted by many bearing manufac- 
turers, a definite relationship between the applied 
load and the fatigue life of the bearing has been 


Thrust_force 
fo 


Combi 
caital aa 


thrust force Redial force £; 


Fig. 2—Diagram of bearing loads 


established. If a group of test bearings is run 
under a constant load, P,, and another group of 
bearings of the same size and design are run under 
load P,, but otherwise under identical operating 
conditions, the lives, L, and Ly respectively, may 
be obtained for these groups. The relation can 
be stated with fair accuracy as 


P2 b 
Le ( P; ) 
The exponent, b, varies for different manufac- 
turers. The majority of bearing manufacturers 
(McGill, SKF, MRC, Norma-Hoffman, Fafnir, and 
others) use b = 3.0. Notable exceptions are 
New Departure, which uses b = 4.0, and Timken 
(b = 3.33). 

There is a growing trend among bearing manu- 
facturers to adopt a standard method of rating 
bearing capacities. For this purpose, the concept 
“specific dynamic capacity’ (sometimes called 
“basic dynamic capacity” or “specific capacity”) 
was introduced. By definition, the specific dy- 
namic capacity, C, is the radial load in pounds 
that will give the bearing a minimum life of 1 
million revolutions of inner-ring rotation. This 


L 
: (2) 


corresponds to a life of 500 hours at 3344 rpm. 

From the definition of C, using L, = 1.0 million 
revolutions and b = 3.0, Equation 2 can be trans- 
formed into 


Cc 3 
n= () 
P 


(3.2) 


This equation is called the ‘“‘classic-life formula.” 


Table 2—Typical Specific Dynamic-Capacity 





3all Bearings ——— 


Basic 
Bearing 
Number 


Bore Diameter ———— Single-Row Deep-Groove ——-—— Double-Row Deep-Groove Self-Aligning —— 


(mm) (in.) Extra Light Light Medium Light Medium Light Medium 





930 
945 
,270 
,340 
,690 


1,240 
1,830 
2,030 
2,550 


3,400 


1,400 
1,680 
1,960 
2,330 
2,750 


805 
1,170 
1,320 
1,650 
2,210 


790 
880 
970 
,040 
,620 


00 0.3937 
01 2 0.4724 
02 H 0.5906 
03 0.6693 
04 2 0.7874 


3,650 
4,300 2,140 

,070 3,100 
2,700 3,700 
2,700 4,400 
3,300 5,100 

,750 6,550 


5,650 
7,500 
8,850 
10,800 
14,100 


3,700 
5,150 
5,750 
,650 
,600 


05 2 1.9843 ,740 2,42 3,650 
.1811 2,280 3,36 4,850 

35 3780 2,750 5,750 

40 5748 2,900 7,050 

45 7717 3,600 9,100 


7,450 
8,850 
10,000 
10,800 
12,800 


3,900 

,600 
5,200 
5,350 
5,950 


16,500 
19,000 
21,800 
24,700 
27,500 


9,200 
,400 
3,700 
5,000 
300 


10,700 
12,400 
14,100 
16,000 
18,000 


3,750 
4,850 
5,050 
,250 
5,550 


50 9685 
55 2.1654 
60 2.3622 
65 2.5591 
70 2.7559 
13,700 
15,200 
16,900 
20,100 
22,600 


6,700 
6,900 
8,500 
9,800 


30,000 
32,500 
33,000 
35,500 


7,300 
9,000 
,100 
23,300 
28,500 


19,600 
21,300 
22,900 
24,700 
26,500 


75 2.9528 6,800 
80 3.1496 8,200 
85 3.3465 8,550 
90 3.5433 10,000 
95 3.7402 10,500 


11,400 
12,500 
14,400 
16,600 
18,800 


32,000 11,900 24,500 
30,000 


31,500 


30,000 
32,000 
35,500 
36,000 
39,500 


10,400 
105 12,500 
110 14,100 
120 244 14,700 
130 E 18,300 


21,100 
23,000 
24,900 
25,000 
27,000 


3.9370 
4.1339 


100 
15,200 


43,500 
47,500 


140 f 18,900 
150 5.9055 21,700 
160 6.2992 Suk nig 
170 6.6929 
180 7.0866 


28,500 
30,500 
32,000 
36,500 
39,000 


190 7.4803 
200 7.8740 
220 8.6614 





Courtesy SKF Industries Inc. 
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Cylindrical roller 
and single- row 
ball bearing 





Spherical A ; 
-row ball bearin 

tapered roller” ‘ ~5 tolerances, bs 

bearing - composition cage 


Bore + OD 


Bearing Mean Diameter 0, = ——3-—— 


| 


(mm) 


° 8 


with solid inner 
and outer races 


,N 
‘\ 
Ball-thrust 
bearing \ 


Double-row and ~ 


angular -contact NON] 


‘\ 
x 
—-—--- Grease lubrication Soe 


Oil-both lubrication Self \ 
— -— il-mist lubrication ball bearing |*. 





LO 20 40 60 10 20 
Approximate Maximum Speed (l0OOOrpm) 


Fig. 3—Approximate recommended speed limits for ball and roller bear- 
ings. Values given are based upon Class 1 tolerances and standard cages 
except for high-speed, single-row ball bearings with phenolic-composition 
cages. 


Values for Ball and Roller Bearings 











Basic 
Angular Contact Ball Thrust Spherical-Roller Bearings Cylindrical-Roller Bearings Bearing Bore Diameter 
Number 
Light Medium Light Medium Light Medium (mm) (in. ) 





0.3937 
0.4724 
0.5906 
0.6693 


0.7874 


o 


9843 
1811 
3780 
5748 


7717 


2,450 5,200 

,050 5,800 

; 5,850 ,800 
21,000 ,650 .400 
25,300 8,000 ,300 


et et 


eco" 


32,100 8,300 7,000 
36,200 ),200 20,800 
43,900 2,500 23,200 
46,700 4,600 26,000 

,800 4,600 30,500 


ANID S 
NmMNyNe 


,900 


2,300 : 3,500 18,000 
3,900 23,6 ,900 58,700 19,600 
,500 25, % 37,900 74,200 22,400 
400 , 4,300 7,500 28,500 
,800 29,000 51,400 94,200 31,500 


P 


e 


22,200 34,000 500 ,000 34,500 53,000 
74,800 000 46,500 1,500 
500 "000 50,000 000 
110,000 ‘000 ‘000 


0,000 


— 
CAIN" 
Cle ee CO 


at et 


4 ‘ ,000 


to 
S 


noe 113,000 ,000 000 
,000 : 136,000 5,000 ‘ ,000 

157,000 251,000 

177,000 000 

186,000 ,000 


ra oan 
noe 


71 


203,000 ,000 
229,000 ,000 
278,000 
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Table 3—Popular Ball and Roller-Bearing Types 





Bearing Type 


Characteristics 


Principal 
Applications 


Approximate Equivalent-Load Equation 
Inner-Ring Outer-Ring 
Rotation Rotation 





Single-Row Deep- 
Groove Ball Bearing 


Single-Row, Filling- 
Notch Ball Bearing 


Angular-Contact 
Single-Row Ball 
Bearing 


“ge es 


+ 


Sees rg 
‘a 
0.0, 

Single Duplex 


Double-PRow Ball 
Bearing 


Self-Aligning 
Ball Bearing 


Spherical-Roller 
Bearing 


Cylindrical-Roller 
Bearing 


Needle Bearing 
aes 
ee 
em 


with Without 
i Ri 


inner Ring 


Tapered-Roller 


: 


Ball Thrust 
Bearing 


RGR Suet 
Flot Seat 
Rend ico 


Spherical Seot 
Spherical-Roller 
Thrust Bearing 


Most commonly used general-purpose ball bear- 
ing; can sustain radial load and considerable 
thrust load in either direction at high speeds. 
Is available with built-in seals or shields to 
exclude dirt and retain lubricant, or snap rings 
to reduce assembly and housing costs. 


Because of filling notch (loading groove), 
larger number of balls can be inserted than in 
deep-groove bearing of same size and has about 
25 per cent higher radial capacity. Has very 
little thrust capacity. Recommended for radial 
loads only or small thrust loads in combination 
with radial loads. 


High shoulders provide for heavy thrust loads 
in one direction or radial load in combination 
with thrust load. At very high speeds, this 
bearing is preferred to ball-thrust bearings, 
even for pure-thrust loads. When mounted 
singly unopposed or in tandem, constant axial 
load in one direction is required. Otherwise, use 
opposed mounting in pairs or duplex bearings 
(back-to-back or face-to-face) to absorb thrust 
loads in either direction. Increased axial and 
radial rigidity is obtained by preloading. 


Available either as angular-contact or as deep- 
groove bearing. Both types have grooves posi- 
tioned for outwardly converging contact angle 
similar to back-to-back duplex bearing. Has 
high axial and radial rigidity, substantial thrust 
capacity in either direction and high radial 
capacity. Requires very accurate alignment of 
housing and shaft. 


Two rows of balis roll on spherical surface of 
outer ring. Supports radial londs and moderate 
thrust loads in either direction at high speeds. 
Can sustain angular misalignment up to 3 deg 
without detriment, while running. Used where 
errors in mounting, distortion of housing, large 
angular shaft deflection, etc., are unavoidable. 
Cannot resist bending loads. 


Self-aligning with barrel-shaped rollers and 
spherical raceway in outer ring. Carries heavy 
radial loads and heavy thrust loads in either 
direction. Considerable capacity to absorb shock 
loads. Popular in larger sizes. 


Very high radial capacity and suitable for high 
speeds. Available with guide flanges on outer, 
inner, or both rings. With flanges on one ring 
only, some free axial movement of shaft is 
permissible. With flanges on both rings, only 
small locating thrust loads can be accepted. Is 
not recommended for other thrust loads because 
of high side friction. Requires very accurate 
alignment of housing and shaft. 


For small radial space between housing and 
shaft. Sometimes inner or outer race is omitted 
and needle rollers run directly on hardened 
shaft or housing bore. Requires very accurate 
alignment of housing and shaft. Higher internal 
friction, lower speed limits, and greater dia- 
metral looseness than ball bearings. Usually 
has no cage. 


High axial and radial rigidity and heavy load- 
carrying capacity. Mounted opposed in pairs 
similar to angular-contact ball bearings. Ac- 
curate adjustment of internal clearance pos- 
sible. Requires accurate alignment of housing 
and shaft, and skillful assembiy. 


For heavy thrust loads in one direction only, 
where minimum axial deflection is desired. Be- 
cause of centrifugal forces, not recommended 
for high speeds and light loads. Radial load 
must be carried by other bearings. Flat seats 
provide accurate axial location; spherical seat 
is used when slight angular misalignment of 
shaft is present. 


Can carry heavy thrust loads, is self-aligning, 
ean operate at high speeds and accept slight 
radial loads when combined with thrust load. 


Machines of all types. Very 
small sizes often used in 
instrumentation. 


applica- 
radial 


General purpose 
tions with heavy 
load. 


High-speed machine tools, 
grinding spindles, automo- 
tive front-wheel bearings, 
worm drives. 


Shafts for worm, spiral, 
bevel and helical gears, 
idler pulleys, live centers. 


Woodworking and agricul- 
tural machinery, line shafts, 
long transmission shafts, 
pillow blocks. 


Heavy machinery, rolling 
mills, stone crushers, print- 
ing presses, heavy-duty pil- 
low blocks, railroad jour- 
nals, drive shafts on ships. 


Machine - tool spindles, 
transmission shafts, gas 
turbines, aircraft engines. 


Crankpins, wristpins, rocker 
arms, universal joints, cam 
rollers, compressors, air- 
craft controls. 


Automobiles, heavy ma- 
chine tools, railroad cars, 
steel-mill equipment, worm 
drives. 


Machine tools, crane hooks, 
vertical rotating members. 


Turntables, large crane 
hooks, water turbines, ship- 
screw thrust bearing, heavy 
pumps. 


P=F,+F, P=1.2F,+F, 


P=, P=1.2F, 
Note: F, must be less than F,/4 


Singly Unopposed: F,>F, 
P=0.3F,+F, P=1.2F,+0.3F, 
Tandem Mounted: F,>F, 
P=F,+0.6F, P=1.2F,+F, 
Duplex Mounted: F,<1.4F, 
P=F,+0.5F, P=1.2F,+0.5F, 
Duplex Mounted: F,>1.4F, 
P=0.3F,+F, P—0.36F,+F, 


P=F,+F, P=1.2F,+F, 


P=1.2F,+3F, 


P=uk'y r=, 
No thrust load permissible 


See manufacturer’s catalog 


F=f, 
No radial load permissible 


F, must be>1.5F, 
P=2F +f, 
At high speeds,F,, must be >2F, 
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It has been incorporated into the standards estab- 
lished by the Anti-Friction Bearing Manufacturers 
Association, and is also used in many European 
countries. 

The life formula can be readily used in cases 
where the speed is not constant, but where the 
total number of revolutions is significant. In vehi- 
cles, for example, the number of revolutions can 
be easily related to the number of miles traveled. 
As any motorist knows, the intervals of wheel- 
bearing replacement or relubrication are measured 
in terms of miles traveled, regardless of the speed 
and number of hours. Equation 3.2 is especially 
convenient because it readily establishes the ratio 
between the specific dynamic capacity and the per- 
missible load. For example, if the expected mini- 
mum life is 8 million revolutions, then L,}/3 = 
81/8 — 2, and the required specific capacity has 
to be twice the applied load. 

Specific dynamic capacity values for bearings of 
one manufacturer are given in Table 2. 
Interchangeable bearings by different manufac- 
turers vary in internal construction, but the values 
in Table 2 are representative of the capacity and 
life expectancy of typical bearings. This table can 
be used, at least, as a guide for preliminary esti- 
mates. After the load, speed, desired life, and 
bearing type are decided upon, the value of C can 
be found using Equations 1 and 3.1. The cor- 
responding bearing size is then selected from 
Table 2. If the calculated C value falls between 
two values on the table, the next larger size is 
selected. 


> Equivalent Load 


Under ordinary running conditions, a bearing 
very seldom carries only pure radial load or pure 
thrust load. In most cases, the load is a combina- 
tion of both. Before selecting a bearing, these 
loads should be determined as accurately as pos- 
sible. Calculations should take into account the 
torque transmitted by the shaft, weight of sup- 
ported components, centrifugal and inertia effects, 
etc. In most radial bearings, the endurance of the 
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inner ring against fatigue is lower than that of 
the outer ring. Therefore, their load conditions 
are different. 

To extend the use of the life formula to calcu- 
lations invofving thrust loads, simultaneous radial 
and thrust loads, and cases where the outer ring 
rotates relative to the load, the “equivalent load” 
must be established. By definition, the equivalent 
load is that constant, stationary radial load which, 
if applied to a rotating inner ring, would give the 
same life as that which the bearing would attain 
under actual conditions of load and rotation. 

Calculation of the equivalent load, P depends 
on the type of bearing, its internal construction, 
and the ratio between the axial and radial-load 
components. Some common bearing types, their 
characteristics, and approximate equations for esti- 
mating the equivalent load are given in Table 3. 
These equations are mostly on the safe side and 
can be used for comparison of the life of various 
bearings. For less approximate calculations of 
equivalent loads, the manufacturer’s catalog has 
to be consulted for each individual bearing series. 

The load-calculation methods given imply ideal 
conditions of steady, constant loading. In actual 
practice, the equivalent load has to be multiplied by 
an application factor to take into account condi- 
tions of shock, vibration and severity of service. 
This factor may vary from 1 for light rotating 
machines, free from shock, to 3 for reciprocating 
machines with heavy impact. If the load varies 
gradually and uniformly from minimum to maxi- 
mum at constant speed, the effective equivalent 


Table 4—Approximate Friction Coefficients 





Coefficient 
B 


Bearing Type 





. 0.0010 
0.0011 
0.0013 

. 0.0015 

. 0.0018 

- 0.0018 
0.0045 


Self-aligning ball bearing ...... 
Cylindrical roller bearing .. 

Thrust ball bearing .. : 

Single-row ball bearing .. 
Tapered-roller bearing .......... 
Spherical-roller bearing .............. 
Needle bearing ...... 





From Ref. 5 























Extra- Light Light 


Medium 


Fig. 4—Relative proportions of bearings of the same bore size 
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load can be found by 


2( Pmaz “= 


Pmin + — Pin) 
3 


P et} = 


In oscillating bearings, the life can generally be 
calculated on the basis of the oscillations per 
minute being equal to the revolutions per minute 
except for small angles of oscillation (less than 
60 deg). In these cases, the danger of fretting 
corrosion exists, and application factors must be 
applied, governed by judgment and experience. 


> Static Capacity 


The life formula is very useful for ordinary 
speeds and loads. However, it should not be used 
indiscriminately. For very low values of L,, or 
when the bearing is at rest, factors other than 
fatigue life demand primary consideration. These 
factors are permanent deformation of the stressed 
surfaces or the danger of fracture of the load- 
carrying bearing components. The limiting load 
that a bearing can carry at rest without excessive 
permanent deformation is called the “basic static 
capacity” or briefly, “static capacity.” 

In most commercial bearings, the approximate 
ratio between the values of basic static capacity 
and specific dynamic capacity varies from 1:2 
for the smaller bearing sizes (10 mm bore or less), 
to 1:1 for large sizes (100 mm bore approximate) 
with 1.25:1 for very large sizes (200 mm bore and 
larger). These ratios do not apply to pure thrust 
bearings, which have a basic static capacity con- 
siderably larger than the dynamic capacity. 

In applications where the bearing is used only 
intermittently and at low speeds, it is safe prac- 
tice to assume L,, 1 million revolutions and the 


load ratio, C/P = 1.0. However, in some special 
cases when increased bearing friction and very 
short life are not objectionable, the load can be 
considerably ircreased above the value of C. Such 
instances demand special analysis, taking into ac- 
count the race thickness, size of rolling elements, 
etc. In no case, however, should the applied load ex- 
ceed four times the specific static capacity. 


> Friction and Limiting Speeds 


Despite the often-used expression “antifriction 
bearings,” some friction is always present in ball 
and roller bearings. This friction is due to sliding 
between the cage and the rolling elements, viscosity 
of the lubricant, possible inaccuracies in the ground 
raceways, and rolling friction. 

So far, it has been impossible to calculate exact- 
ly the values of the frictional torque. Also, the 
frictional coefficient may vary considerably with 
load, speed and lubrication. For normal operating 
conditions and favorable lubrication, the values 
for the friction coefficient (based on experience) 
given in Table 4, can be used in rough calculations. 

The friction coefficients in Table 4 refer to the 
bearing bore and do not apply to freshly installed 
bearings, which have higher friction. Also, the 
friction of external or built-in seals should not be 
neglected, since it is often considerably higher 
than the bearing friction. The bearing frictional 
torque can be calculated by 


rao (5) 


Bearing friction causes an increase in tempera- 
ture. At very high speeds, this temperature rise 
may exceed the permissible limit. At high speeds, 
the design and material of the cage and the bear- 


(4) 


Table 5—SAE and International Standard 





SAE - Bore Diam - 


— Extra-Light Series - 


— _—_—_——— Light (200) Series — 


Bearing 
Number Width 


(mm) (in.) 


Width 
(mm) 


Outside Diam 
(mm) (in.) 


Outside Diam 


(mm) (in.) (mm) (in.) qin.) 





0.3150 0.3543 
0.3150 
0.3543 
0.3937 
0.4724 


00 0.3937 
01 ; 0.4724 
02 £ 0.5906 
03 7 0.6693 
04 y 0.7874 


.0236 s 
-1024 8 
.2598 gy 
.3780 


-6535 


0.4724 
0.5118 
0.5512 
0.5906 
0.6299 


8504 
2.1654 
2.4409 
2.6772 
2.9528 
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1.1811 
1.3780 
1.5748 
1 


7717 


Usman 


0.6299 
0.7087 
0.7087 
. 7087 
7874 


3.1496 
3.5433 
3.7402 
3.9370 

.3307 


1.9685 
2.1654 
> 


. 7874 
-8661 
.8661 
-9449 
-9449 


-5276 
.9213 
5.1181 
5.5118 
5.7087 


-9449 
-0236 
.1024 
-1024 
-2992 


5.9055 
5.2992 
.6929 
.0866 
-8740 


3.9370 
4.1339 
4.3307 
4.7244 
5.1181 


.2992 
1.3780 
-4961 
-6535 
-8110 


5.5118 8.2677 
5.9055 225 8.8583 
6.2992 9.4488 
6.6929 10.2362 
7.0866 11.0236 
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ing tolerances play an important part. 

Very often, the “dN-number” of a bearing type 
is used to indicate the maximum permissible speed. 
This number is the product of the bearing bore 
in millimeters and the maximum speed in revolu- 
tions per minute. According to this formula, for 
example, a dN-number of 200,000 means that a 
bearing with a 50-mm bore diam would have a 
maximum permissible speed of 4000 rpm. However, 
this rule does not take into account the different 
bearing series—extra light, light, medium, and 
heavy. For identical bore diameters, various series 
have different outside diameters and different pitch- 
line diameters of the rolling elements. The rubbing 
velocity between cage and balls is higher for a 
ball bearing in the medium series than for one in 
the extra-light series with the same bore diameter, 
turning at the same rpm. Therefore, the maximum 
permissible speeds cannot be the same if other 
conditions are equal. 

The bearing mean diameter, D,, = (B + D)/2, 
is a better denominator to determine the limiting 
speed. It takes into account the differences be- 
tween bearing series, and closely approaches the 
pitch-line diameter of the balls or rollers for most 
bearing types. Approximate maximum speeds for 
commonly used bearing types are given, Fig. 3. 
Whenever an application requires speeds approach- 
ing or exceeding the indicated limits, the manu- 
facturer should be consulted for special recom- 
mendations. 


> Bearing Series 


Most ball and roller-bearing types are made to 
standardized dimensions and tolerances of bore, 
outside diameter, and width. These dimensions are, 
in most cases, expressed in millimeters and con- 


External Dimensions for Ball and Roller Bearings 
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form to international standards. Some manufac- 
turers supply inch-series ball bearings in addition 
to those in millimeter dimensions. Needle bearings 
and tapered-roller bearings, however, are furnished 
mostly in inch dimensions. Bore diameter of the 
bearing is indicated by the last two digits of the 
bearing number. These digits are sometimes called 
the basic bearing number or SAE bearing number. 
A bearing bore of 10 mm is indicated by the digits 
00, 12 mm by 01, 15 mm by 02, and 17 mm by 03. 
For 20-mm bores and larger, the bore diameter 
in millimeters is five times the basic bearing 
number. For example, if the last two digits of a 
particular bearing number are 12, the bore diame- 
ter is 60 mm. 

For each standard bore size, ball and roller- 
bearing types are made in different series, or pro- 
portions, of width and outside diameter, Fig. 4. 
These are known as extra light, light, medium, 
and heavy series. Table 5 lists the standardized 
external dimensions for all four of the ball and 
roller-bearing series. Some popular bearing types 
are furnished in one, two, three, or all four of 
these series. 


Extra-light series, as the name implies, have 
the smallest outside diameter for a given standard 
bore size. This series is suitable for applications 
where large shaft diameters are desired for added 
rigidity, but where the housing diameter has to be 
kept within certain limits. This is often the case 
with relatively long or overhanging shafts, where 
the load is applied at a considerable distance from 
the bearing. In many such cases, deflection is 
the important consideration. The extra-light series 
is also often used on hollow and tubular shafts, 
where large bore sizes are required as compared 








—————— Medium (300) Series ———_—_______—_ -_—— —— Heavy (400) Series ————_—_—_____- 


Outside Diam Width 
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2.0472 
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-4803 
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6.6929 
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NN 


el aol eel td 


10.4331 
11.4173 
12.5984 


8504 
9291 
9685 
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14.1732 2 8346 
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to the load carried. 


Light-series bearings are widely used for normal 
and moderately heavy loads, and are usually the 
first choice for average bearing applications. 


Medium-series bearings provide 30 to 40 per cent 
larger capacity than the light-series bearings of 
the same bore size. They are used for relatively 
heavy loads and applications requiring very long 
bearing life. These bearings are proportionately 
wider and of larger outside diameter than the 
light series and require more housing space. 


Heavy-series bearings have a still larger cross 
section than the medium-series bearings. The add- 
ed capacity of these bearings is seldom commen- 
surate with the extra cost and space requirements. 
Also, specially proportioned shafts are required. 
For these reasons, heavy-series bearings are less 
used than other series, and are manufactured only 
in a few types and bore sizes. 
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Estimating Distribution 


In analyzing plotted data, a triangle is a conven- 
ient tool to determine a “line of best fit” if a 
straight line has been marked on the underside. 














If the data are consistently compared against a 
known distribution, lines indicating limits of dis- 
tribution or standard deviations can also be placed 
next to the centerline—ROBERT L. EBERHARDT, 
Todd Shipyards Corp., Los Angeles Div., San Pedro, 
Calif. 


Which Conic Section? 
Given a portion of a conic section, it is a simple 
matter to determine whether the section is a 


parabola, hyperbola or ellipse. 
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. Draw any chord, AB, across the given section 

. Draw tangents to the curve at A and B to 
meet at P 

. Find the midpoint, C, of AB and draw CP to 
the intersection of the tangents 

. Find midpoint, M, of PC 

5. A parabola will cross PC at the midpoint, M; 
(curve 1) 


. A hyperbola will cut line PM; (curve 2) 


. An ellipse will cut line MC; (curve 3) 


—ARNE BENSON, Sanders Associates Inc., Nashua, 
N. H. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables or photos to: Tips and Techniques 
Editor, MACHINE DgSIGN, Penton Bidg., Cleveland 13, O. 
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Crawler-Tractor Type Grippers 


Pull Paper-Covered Wire 


DUAL GRIPPING “BELTS” are 
used to pull out paper-insulated, 
high-voltage paper in a machine 
designed by the Syncro Machine 
Co., Perth Amboy, N. J. The 
multiple-tread belts made of 


neoprene protect the cable from 
damage or excessive bending. 
Length of traction contact be- 
tween the cable and threads is 
42 in. A pulling force of about 
4000 !Ib can be produced. Neo- 
prene treads of various densities 
are used depending on the type 
of cable being run. 


AUTOMATIC WRAPPING of cable 
diameters from 1% to 31/2 in. is 
accomplished by the machine's 
64 taping heads. This particular 
paper insulating machine is in- 
stalled at the John A. Roebling's 
Sons Corp., Trenton, N. J. 
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Rubber-Tired Subway Train 


REDUCED NOISE AND VIBRATION ore provided in a new ated by the Paris Subway and Surface Public Transport 
electric subway train that runs on, and is guided by, Authority, each train truck is designed with a total of 
pneumatic rubber tires. Used on trains on 14 lines oper- eight rubber tires and four lightweight steel wheels. 


Data and photos, courtesy Nelson 
Stud Welding Div., Gregory Industries 
Inc. 


PASSENGER RIDING COMFORT 
and flexibility of operation 
are the main design advan- 
tages of this pneumatic-tired 
train set. Elasticity of the 
pneumatic tires and their 
good adhesion to the track 
permit following the surface 
of the streets closely in spite 
of heavy slopes. 
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Designed to Run on Wooden Tracks 


GUIDING ACTION for the trucks 
is provided by four pneumatic- 


tired horizontal wheels mounted 
on each truck. These wheels 


bear against T-shaped steel side 
rails. The four main tires on 


each truck roll on a wooden 
track made of red ironwood. 








The steel safety wheels play a 
triple role in the design. First, 
they ensure guiding of the car 





at places where side rails are in- 
terrupted, such as at switches 








and crossings. Second, they roll 




















on the rail and provide support 














in the event of a tire blowout. 








Third, they act as the drums for 
external brakes. 
































WELDED NELSON STUDS, fas- 
tened at a 45-deg angle, secure 
the T-shaped guide rails upon 


the insulating blocks. This 





mounting technique eliminates 
the need for both horizontal and 
vertical studs. 
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Springs in Manual Circuit Breaker 


SNAP-ACTION CLOSING 
on mechanism used in_ circuit- 
Contact orm yy " breaker design doesn't de- 
assembly —~ ; 
pend on the operator to pro- 
vide proper contact-closing 
speed. The closing mecha- 
nism, which minimizes contact 
arcing, is incorporated in a 
new line of low-voltage, 
power-type circuit breakers 
developed by Switchgear Div., 
|-T-E Circuit Breaker Co. The 
spring-loaded unit is designed 
for manual or motor opera- 
tion. It latches the breaker in 
a closed position and allows 
the breaker to trip when re- 
quired. 


PULL-DOWN HANDLE moved 
through first 90 per cent of 
travel extends a pair of heli- 
cal springs in the closing 
mechanism. During the last 
10 per cent of handle travel, 
the spring energy is released 
to close the contacts quickly 
and forcefully. After the oper- 
ator lets go of the handle, it 
returns to its original position. 
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Automatically Control Closing Speed 


ARC FOLDBACK DESIGN used 
in circuit breaker cuts height 
of arc chute in half. The arc 
is directed upward, as in con- 
ventional designs, then back 
down by a baffle structure 
surrounding the top and sides 
of chute. The arc finally ex- 
hausts at sides from bottom of 
dark-colored baffle. Construc- 
tion consists of asbestos-com- 
pound body, metal cooling 
plates and baffling made of 
a glass-polyester plastic com- 
position. 


TELESCOPING TWO-STAGE 
track, in extended position, 
shows point where breakers 
can be removed by direct 
lift. The track is part of a 
cradle assembly which simpli- 
fies breaker change when in- 
creased capacity is needed. 
Breaker slides from compart- 
ment on a rail-and-wheel de- 
sign setup. 
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Z Secondaries — 










SPRING-LOADED FINGERS in rear of breaker tightly grip primary blades in the 
main current-carrying primaries. The parallel-finger arrangement provides blow- 
on action. Each finger pair is held by a separate spring which is outside of 
the current path. Secondary connectors, also of blow-on design, for control cir- 
cuits, are mounted at base of breaker well below main current-carrying con- 


tacts. Up to 32 secondary connectors can be provicled. 


Are chutes ibage) 





Spring - loaded 
connectors for 
primaries \ 









\ at _— 
Connectors for 
secondories 





Rear View of Circuit Breaker 
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ASIC limitations to vehicle performance, re- 
viewed in Parts 9 and 10 of this series, are 
set by the maximum tractive force that 
can be transferred by the driving wheels to the 
ground. In the analysis of these performance 
limits, it was assumed that torque supplied by 
the engine always equaled or exceeded the de- 
mands of the driving wheels. 
In this article, the first of two that will be pre- 
sented treating the subject of vehicle performance 
prediction, general characteristics desired of a 


*Now Research and Development Engineer, Phillips Petroleum 
Co., Bartlesville, Okla 


Torque 





Power, P (hp) 
Torque, M ( Ib-ft) 








Speed, 7 (rpm) 


Fig. 68—Powerplant characteristics ideally suited 
for vehicle propulsion show constant power out- 
put over the entire speed range. This gives a 
hyperbolic torque curve and provides high tractive 
forces for vehicle acceleration at low road speeds. 


By JAROSLAV J. TABOREK* 
Development Engineer 

Towmotor Corp. 

Cleveland 


vehicle powerplant are introduced, and methods 
for correcting standard data to existing atmos- 
pheric conditions are reviewed. Also surveyed are 
the power losses in accessories and drive-system 
components. 


Vehicle Powerplants: Performance character- 
istics that ideally suit a powerplant for vehicle 
propulsion are: 1. Constant power output through- 
out the usable speed range. 2. Torque that peaks 
in the low-speed range where traction demands for 
grade climbing and acceleration are high. Plotted 
against engine speed, the characteristic curves of 
such a powerplant have the form of a straight 
line for power output P and a hyperbola for the 
torque M, Fig. 68. The equation of the torque 
characteristic has the general form 


5252 P 


n 


Automotive powerplants in actual use have char- 
acteristics differing more or less from these ideal 





Nomenclature 





Barometric pressure, in. Hg 
SAE standard barometric pressure (= 29.92 
in. Hg) 
Vapor pressure of air, in. Hg 
Number of cylinders 
= Cylinder bore, in. 
= Engine torque, lb-ft 
Speed, rpm 
Power delivered at output shaft, hp 
Brake mean effective pressure, psi 
Volume output of pump, gpm 
= Piston stroke, in. 
- Absolute temperature, °R 
, = SAE standard air temperature (=520°R) 
= Revolutions per power stroke (x2 = 2 for 
four-stroke cycle) 
= Efficiency 
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* propulsion requirements 

¢ standard performance data 
* accessory losses 

¢ transmission characteristics 


requirements. In following sections, the internal- 
combustion engine, which powers the majority of 
automotive vehicles is discussed in detail; other 
powerplant types are reviewed briefly for compa- 
rison. 

STEAM ENGINES: The steam engine, which as 
a rule develops peak power output at very low 
speeds, has characteristics that come close to 
satisfying requirements of the ideal automotive 
powerplant, Fig. 69. Such an engine would elimi- 
nate the need for a speed-change transmission 
and could be directly coupled to the vehicle driv- 
ing axle. Despite these excellent qualities, use of 
the steam engine is generally limited to railroad 
applications, and seldom is it seen on automotive 
vehicles. One reason for this is the time required 
to put the steam engine into operation; a second 
disadvantage is poor power-to-weight ratio. Both 
these qualities are of decisive importance in road 
vehicles. 

ELECTRIC Motors: The series-wound electric 
motor also has power-torque characteristics which 
approach the ideal for vehicle propulsion. There 
are two applications where electric powerplants 
are used in vehicles: 

1. In battery-operated vehicles, mostly of the 
industrial type, requiring high tractive forces at 
very low speeds. These are conditions for which 
the electric motor is best suited. The power 
source is a storage battery; capacity of the battery 
determines the operation time for which the vehicle 
is independent of its’base. Use of battery-powered 
vehicles is limited to short-range applications 
where weight is not objectionable. Often, in fact, 
battery weight is an advantage, for example, in 
industrial tractors and lift trucks. 

2. Trolley buses, which find use in city trans- 
portation systems, operate on alternating current 
supplied from an overhead wiring system. The 
excellent adaptability of the electric motor to high- 
torque acceleration demands makes it an ideal 
powerplant for bus service with characteristically 
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frequent stops. The superiority of the electric 
motor over internal-combustion engine power is 
still unsurpassed in this respect. 
INTERNAL-COMBUSTION ENGINE: Of all the pos- 
sible power sources for propelling automotive ve- 
hicles, the internal-combustion engine has the most 
unfavorable power-torque characteristics, and can 
be used only in conjunction with a torque multi- 
plying transmission. This is because of the in- 
herent property of the engine to develop power 
in proportion to speed, giving torque-output char- 
acteristics unsuited for vehicle propulsion. Para- 
doxically, the internal combustion engine has 
nevertheless found the widest acceptance for auto- 
motive vehicles, due principally to its excellent 


Torque 


Power 





Power, P (hp) 
Torque, M(\b-ft) 








Speed, 7 (rpm) 


Fig. 69—Characteristics of the steam engine 
and the series-wound electric motor closely 
approximate the ideal for vehicle propulsion. 
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readiness for operation, high power-to-weight 
ratio, and wide availability of fuel. 

Two different internal-combustion engine ap- 
plications can be distinguished: 

1. Direct Drive: In direct drive, which accounts 
for the majority of current applications, the en- 
gine is coupled through a transmission directly 
to the driving axle. The transmission can be me- 
chanical (gear shift) or hydraulic (torque-con- 
verter type). 

2. Indirect Drive: The internal combustion is 
merely the initial power source in the indirect- 
drive system; the actual driving is done by either 
electric or hydraulic systems. 

The engine-electric drive combines the good 
operational properties of the combustion engine 
with the desirable power-torque characteristics of 
the electric motor. The relatively low efficiency 
of the combination, due to double transformation 
of power, is improved by running the engine at 
its economic optimum. Use of this type power- 
plant is limited at present to railroads and heavy 
duty industrial vehicle applications where advan- 
tages offered by the flexibility of the electric drive 
balance the increased cost and weight of the com- 
bination. 

In the hydraulic-drive system, the engine drives 
a constant-displacement hydraulic pump which, in 
turn, supplies hydraulic fluid under pressure to 
a variable-displacement hydraulic motor coupled 
to the drive axle. Hydraulic-motor pressure and 
volume demands correspond to instantaneous driv- 
ing conditions. Low efficiency of this combination 
is again justified by the excellent power-torque 
characteristics of the hydraulic-motor drive. The 
system is increasing in popularity for high-torque 
applications, where stepless speed regulation is 
essential. 


Internal-Combustion Engine Characteristics: A 
typical power-torque diagram for a gasoline engine 
is shown in Fig. 70. Basic engine data are inter- 
related by the equation 


py, nDsc Mn 


— = - (261) 
396,000 2 5252 


Terms in Equation 261 are defined in Nomen- 
clature. 

From Equation 261, proportionality between 
brake mean effective pressure p, and engine torque 
M can be derived as 


M = kp, (262) 


where k is the proportionality factor. Brake mean 
effective pressure is in itself not a measurable 
physical value, but is proportional to indicated 
pressure. Consequently, it is a function of a 
number of engine design factors and efficiencies. 
It is noted that power developed is a function of 
the product p, Xx n, while torque is proportional 
only to p>. 

The gasoline engine starts to run smoothly at 
a certain minimum or idle speed 1,,,;,, and produces 
excess power at speeds above this point. Optimum 
combustion quality, and therefore maximum effec- 
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Power (hp) 
Torque (\b-ft) 


Torque 























Dy My 
Speed (rpm) 


Fig. 70—Typical full-throttle characteristics of a gaso- 
line engine. Maximum torque is given at Fi y Bu, 
which corresponds to the point of tangency of a line 
drawn from the origin to the power curve. Minimum 
speed, #,in, is engine idling speed; maximum torque 
is reached at relatively low power levels. Both of these 
characteristics account for S poor adaptability of the 
internal combustion engine for vehicle propulsion and 
point up the need for a change-gear transmission. 


tive pressure, is reached at a medium engine speed 
where, as a result, maximum engine torque is de- 
veloped. This point is designated in Fig. 70 as 
ny. Power output at this rather low speed is also 
relatively low, which accounts for the poor adapt- 
ability of the combustion engine as a vehicle 
powerplant. 

As speed increases further, brake mean effec- 
tive pressure deteriorates due to the rapidly grow- 
ing losses in the air-induction manifolds. Torque 
therefore starts to decline. 

Power output is in nearly straight line propor- 
tion with speed up to the point of maximum 
torque. Beyond this point, the rate of power in- 
crease AP/An falls off until the maximum-power- 
output point is reached at ny. The relative posi- 
tions of ny and ny are often used as comparative 
measures of the quality and adaptability of an 
engine for given application. 

Speed increase beyond ny results in a fast de- 
cline in power output, determining therefore the 
position of maximum permissible speed n,,,,. In 
vehicle applications, this point is usually set just 
above the maximum-power-output speed. Vehicles 
designed for traction, however, are designed to 
operate at much lower engine speeds, since maxi- 
mum torque and not power output determines per- 
formance limits. 

The point of operation for maximum economy, 
corresponding to minimum specific fuel consump- 
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tion, coincides approximately with the speed of 
maximum torque. When transmission reduction 
ratios are properly selected, this economic opti- 
mum falls within the most frequently used part 
of the vehicle speed range. This is especially true 
for part-load operation, where differences in spe- 
cific fuel consumption are particularly large. 


Effects of Atmospheric Conditions: Maximum 
engine power developed is directly proportional to 
the weight of air inducted into the cylinder. Power 
output is therefore a function of the state of the 
air. 

In gasoline engines, it is found that power is 
in direct proportion to barometric pressure (which 
changes with altitude) and approximately in- 
versely proportional to the square root of absolute 
temperature. To permit comparison of engines 
on a basis that is independent of atmospheric con- 
ditions, performance data are measured experi- 
mentally on dynamometers and are recalculated to 
certain standard air conditions. These standards, 
which were established by SAE, are: 1. Temper- 
ature, 7, = 520 deg Rankine (60F). 2. Baro- 
metric pressure, B, = 29.92 in. Hg (dry air). 

If engine power under standard air conditions 
is known, the effective power developed under 
any other set of conditions can be calculated from 
the equation: 





F(B~- By I 2 


- a (263) 
B, T 


where P is effective engine power under the given 
atmospheric conditions (hp), P, is engine power 
under SAE standard air conditions (hp), T is am- 
bient temperature (°R), B is barometric pressure 
at the carburetor air inlet (in. Hg), and B, is 
vapor pressure of the air (in. Hg). 

The effect of air humidity, expressed in Equation 
263 as vapor pressure B,, is, except under season- 
ally extreme conditions, usually negligible in per- 
formance calculations. 
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In Diesel engines, effects of atmospheric condi- 
tions on power output are more complicated, since 
not all the air inducted into the cylinders actually 
participates in the combustion process. Data- 
standardizing formulas are therefore functions of 
many variables that pertain to specific character- 
istics of a given engine, for example, engine size, 
quality of the fuel-air mixing process, etc. As a 
rough approximation, the following correction 
equation can be used for compression-ignition en- 
gines: 
pl Se of Ze: ) (264) 

B, T 

Atmospheric conditions can easily change en- 
gine output as much as 25 per cent. This is be- 
cause air-intake temperature under the hood of 
an engine can rise to 200F or higher, and air- 
intake pressures can be reduced substantially by 
increasing altitudes. Even daily variations at a 
given location can give a 10 per cent change in 
engine power. 

The effects of air conditions and altitudes on en- 
gine power are graphically represented in Fig. 71. 
The plot allows the relative magnitude of these 
factors to be compared. 


Engine Accessory Losses: Engine performance 
diagrams supplied to vehicle designers usually 
represent the power of the so-called “bare” en- 
gine. Since there is no generally ar-™ Ring 
finition of this term, interpretation in each case 
should be carefully considered. This requires ac- 
curate knowledge of the conditions under which 
dynamometer measurements were actually taken 
in the laboratory. 

Generally, the bare-engine performance diagram 
pertains to an engine stripped of all installations 
and accessories not essential to engine function- 
ing and such accessories that are subject to in- 












c b a 
. 200 |- 
Fig. 71—-Effects of carburetor-air in- 
take conditions on internal-combustion 180 + 
engine power output. Normal power 
refers to engine rated power at SAE 030 — I6O- 
standard conditions (60F and 29.92 > & 
in. Hg). Curve a shows power ratio ee 
vs. ambient pressure; curve 6 shows a A gh. 
power ratio vs. intake temperature for 2000-428 » Ff 120}- i 
gasoline engines; curve c shows pow- = s > 
er ratio vs. intake temperature for ae vw © 100 
Diesel engines. 3 a ' 
Example: Determine engine power = 4000426 _ 80fr- Pe 
ratio at 5000 ft altitude and 140 F air- a $ ee 
intake temperature for gasoline and 2 seh E 
Diesel engines. 6000 424 4 40 + | i 
Gasoline engine: ) | 
P=0.83 X 0.93P,=0.77P, 20k Be. 
Diesel engine: j 
P=0.83 X 0.87P,=0.72P, 80Q0_|22 Q RSE et ORS | 1 
70 80 90 100 110 120 
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dividual design and application requirements. 

To obtain the power actually available at the 
output shaft, the power consumed by installations 
and accesscries is subtracted from values given 
py the bare-engine power diagram. This gives a 
new diagram which represents the effective power 
available. 

Installations and accessories found in the normal 
vehicle are reviewed in the following sections. 

PuMps AND DISTRIBUTOR: Water pump, fuel 
pump, oil pump and distributor drive form a 
special group since they are usually driven through 
internal connections from the engine block. As a 
rule, power requirements of these components are 
included in the bare-engine performance diagram. 
The fuel pump is sometimes an exception, since 
gravity feed may be used in the vehicle, making 
use of a fuel pump unnecessary. 

MUFFLER: The muffler causes back pressure in 
the exhaust system and consequently power is 
lost in pushing through the burned gases. This 
power loss is proportional to the square of the 
engine speed and, depending on muffler resistance, 
reaches about 12 per cent at maximum power out- 
put. In high-performance engines, dual mufflers 
are used to reduce power losses to half of this 
value. 

AIR CLEANER: Since the air cleaner is essentially 
a resistance element in the suction line, it causes 
a power loss proportional to the square of engine 
speed. Depending on its flow resistance, the aver- 
age passenger-car air cleaner accounts for about a 


mg Ci 


—— Tractive -force required 


~.~- Tractive—force available 
(with gear reduction) 


__._ Tractive-force available 
(no reduction stages) 


Tractive Force 








Speed 


Fig. 72—Comparison of tractive force required by 
a typical vehicle and tractive force made available 
to the wheels = § the engine. Plot shows that basic 
characteristic of the engine can be matched to the 
tractive force — curve by providing three 
or more speed-reduction steps in he transmission. 
Difference between “high” characteristic and “no 
transmission” characteristic is due to speed reduc- 
tion in the vehicle differential. 


3 per cent loss at maximum engine output. 

GENERATOR: The generator has a varying power 
demand, depending on the instantaneous load in 
the electric circuit. At constant load, generator 
power-consumption characteristics have a linear 
relationship with speed. For the average passenger 
car, the generator requires about 2 hp at maximum 
engine power output. 

FAN: Power requirement of the cooling fan is 
proportional to the third power of the speed and 
accounts for a considerable loss of power at high 
speeds. Shape of air-intake channels (grill) and 
operating speeds of the vehicle have an important 
effect on fan performance. On high speed ve- 
hicles, the natural flow of air often provides a 
substantial cooling effect. In fact, recent design 
developments have made it possible to automati- 
cally idle the fan when its function is not required, 
such as at high speeds and when starting a cold 
engine. On the other hand, vehicles working reg- 
ularly at low speeds, or under intermittently sta- 
tionary conditions, must depend entirely on the fan 
for cooling flow, since air flow due to vehicle 
speed is negligible. In rough approximation, an 
average passenger-car engine requires a fan with 
1 hp power consumption at medium speeds. Power 
requirements increase about eight times when 
speed doubles. 

HYDRAULIC Pumps: Use of hydraulic pumps to 
provide power for auxiliary functions is increasing 
rapidly. On passenger cars fluid pressure is used 
for power steering, while hydraulically powered 
work-saving devices on agricultural and industrial 
vehicles are standard equipment. 

The power consumption of a hydraulic pump can 
be calculated from the equation 


Qp 


= (265) 
1714 » 


where Q is volume output (gpm), p is pressure 
(psi) and » is total pump efficiency, usually around 
75 per cent. The power-consumption characteristic 
of a pump is basically in straight-line proportion 
with speed. At very high speeds, pump efficiency 
usually decreases, resulting in higher power con- 
sumption. 

To determine how much of pump _ power 
should be subtracted from the bare-engine output, 
consideration must be given to the variation of 
pump-power demand with driving conditions. 
Power steering and other auxiliary equipment, 
for example, reach the peak power-consumption 
point when the vehicle is stationary and show 
reduced requirements at normal driving speeds. 

Power requirement of all accessories should be 
carefully evaluated for each application and then 
plotted additively against engine speed. The final 
graphical summation is then subtracted from the 
bare-engine power diagram. The result represents 
effective power delivered to the transmission input 
shaft. 


Transmission Characteristics: It has been shown 
in preceding sections that the internal-combustion 


engine is not in itself suited for vehicle propulsion, 
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since torque requirement for initial acceleration 
can be met only with the help of a change-gear 
transmission. The function of the transmission is 
to transform the torque-speed relationship of en- 
gine output into a form which more closely cor- 
responds to actual driving demands, Fig. 72. This 
transformation is performed by the following 
means: 


1. By the transmission itself, which can either 
have the form of a manual gear-shift transmission 
or that of a gear-reduction stage plus a hydraulic 
element such as a fluid coupling or a torque con- 
verter. Reduction ratios must be properly chosen 
in number and magnitude if the desired effect is 
to be obtained. 

2. By a rear-axle gear, which gives, as a general 
rule, a constant reduction ratio of 3.5 to 6.5 through 
a hypoid gear pair. The rear-end ratio is deter- 
mined by the usual practice requiring direct (non- 
reducing drive) drive through the transmission in 
high gear. 

3. On vehicles requiring extremely high torques 
at low speeds, additional gear-reduction stages 
are usually placed at the drive wheels. 


Power transmission between the engine output 
shaft and the driving wheels involves the following 
additional factors as power-consuming elements: 


1. Clutch efficiency, amounting to about 99 per 
cent. 

2. Transmission power consumption, originating 
in friction between gears and oil-churning losses. 
Gear friction is proportional to power transmitted 
and depends on gear-surface finish and quality of 
lubrication. Oil churning losses are proportional 
to approximately the third power of speed and 
are a function of oil viscosity. These factors re- 
sult in an average transmission efficiency of 97 
to 95 per cent for each gear pair, including final 
gear reductions. Torque-converter efficiencies, 
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which vary more widely with operating conditions, 
are discussed in the next part of this series. 

3. Efficiencies of bearings and joints, assumed 
for a passenger car to be from 98 to 99 per cent. 

4. Wheel slip. A driving wheel in one full turn 
makes a translatory advance which is less than 
the circumference of the circle corresponding to 
the rolling radius of the tire. The difference is 
explained by the slip of the driving wheels (Part 1) 
and depends mainly on the nature and condition 
of the ground surface. This effect is expressed 
as drive efficiency or slip factor, with values of 
approximately 95 to 98 per cert for normal high- 
way surfaces. 

Total efficiency of the drive system between 
engine outpt:t shaft and drive wheels is the product 
of all component efficiency factors. The follow- 
ing are representative average overall efficiencies 
for a vehicle with a change-gear transmission: 

1. In direct gear, 90 per cent 

2. In other gears, 85 per cent 

3. Drives with very high reductions (final drive), 

75 to 80 per cent. 

Power loss in the transmission is manifested as 
heat in the gear-box oil, bearings and other parts 
engaged in power transmission. The heat is even- 
tually transmitted to the outside air by convec- 
tion and radiation. 

In the next part of this series, two represent- 
ative vehicles—a passenger car and an industrial 
truck—are matched to their powerplants and de- 
tailed calculations of resulting vehicle performance 
are illustrated. 





Mechanics of Vehicles 
In “Braking Performance Limits,” Part 12 of 
the series by Jaroslav J. Taborek, the example 
problem accompanying Fig. 64 was misplaced. It 
was intended to illustrate use of Fig. 67. 





French Curves 


Symmetrical objects are frequently difficult to 
draw with French curves due to the problem of 
properly aligning the curve. Drawing the same 
curve a number of times presents the same problem. 
The curves can be adapted to perform such work 
by adding lines on one face of the curve. These 
lines provided reference points at their intersec- 
tions to permit the curve to be repositioned in the 
same relationship to center or reference lines when 
drawing matching curves. These lines also provide 
divisions along the edge to permit the same section 
of the curve to be used each time. — CLINT 
MCLAUGHLIN, Rockaway, N. Y. 
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Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables, or photos to: Tips and Techniques 
Editor, MACHINE DesIGN, Penton Bidg., Cleveland 13, O. 
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Fatigue properties of 


By FRANZ R. BROTZEN and 


Rice Institute 
Houston, Texas 


Good strength, fatigue resistance, high damp- 
ing capacity, and good wear resistance are some 
of the major properties of gray iron. Knowledge 
of these properties will enable the designer to 
select a type of gray iron suitable for applications 
where fatigue-inducing conditions occur. 


fatigue under a variety of conditions. It 

has extremely low notch sensitivity and is 
very serviceable for crankshafts and similar ap- 
plications where fatigue considerations are im- 
portant criteria of design. Ease of casting in- 
tricate shapes, facility of improving properties by 
heat treatment, excellent machinability, and rel- 
atively low cost provide the economic advantages 
of using gray iron. Fatigue properties of gray or 
unalloyed irons and low-alloy gray iron, generally 
with less than three per cent total alloy content, 
will be discussed in this article.* 


G tai IRON exhibits excellent behavior in 


Endurance Limit and Endurance Ratio: The 
limiting stress sustained by a metal without frac- 
ture after a very large number of cycles of alter- 
nating stress (usually 10 million for ferrous ma- 
terials) is the endurance limit in fatigue. Values 
for gray iron ranging from 12,000 to 32,000 psi 
have been reported for this limiting stress. En- 
durance limit generally increases with increasing 
Brinell hardness and compressive strength, al- 
though considerable scatter is observed. 


*Based on ‘‘Properties of Gray Iron,’’ from Gray Iron Castings 
Handbook, edited by Charles F. Walton, technical director, Gray 
Iron Founders’ Society. 


Table 1—Endurance Limit and Ratios 
for Various Gray Irons 
Type of Tensile Endurance Endurance 


Iron Strength Limit Ratio 
(psi) (psi) 








Pearlitie ........... 41,000 19,000 
42,100 19,000 
48,600 21,300 
52,900 23,500 
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GRAY IRON 


JOHN F. WALLACE 
Case Institute of Technology 
Cleveland, Ohio 


The endurance ratio, obtained by dividing limit- 
ing fatigue stress by tensile strength, is widely 
used to compare fatigue behavior of metals. En- 
durance ratios between 0.33 and 0.60 have been 
reported for gray iron. This wide variation in 
endurance ratio is the result of the wide diversity 
of cast irons tested under different testing condi- 
tions. Endurance ratio is generally lower for 
higher strength irons, as demonstrated for several! 
classes and types of gray iron! in Tables 1 and 2. 


Influence of Stress Conditions: Values of en- 
durance ratio and endurance limit must be used 
with caution because they do not depict behavior 
under various combinations of stress state or in- 
clude effect of over-stressing or notches. Rupture 
strength in bending is greater than actual tensile 
strength because of different stress-strain charac- 
teristics of gray iron in tension and compression. 
Correspondingly, calculated endurance limit from 
bending fatigue tests can be as much as 25 per cent 


‘References are tabulated at end of article 
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Fig. 1—Relationship between tensile strength 
and endurance limit as determined with smooth 
and notched test bars. Average values for 
smooth and notched bars are indicated by the 
shaded portion and dashed line respectively. 
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above actual value. This variation actually de- 
pends on the type of iron and dimensions of 
the specimen. Endurance limit for axial loading 
has been shown by various investigators to vary 
between 59 and 94 per cent of the limiting fatigue 
stress for bending, but is frequently close to 75 
per cent of limiting stress in bending. 

The favorable strength of gray iron in compres- 
sion and torsion results in excellent fatigue prop- 
erties under these types of stress. Repeated load- 
ing in compression alone yields a relatively high 
endurance limit with an endurance ratio of 0.40 
to 0.70. The endurance ratio for gray iron in tor- 
sion is generally about 0.40, although it is higher 


Table 2—Endurance Limit in Bending for 
Different Classes of Gray Iron 





















































Endurance Endurance Endurance 
Class Limit Class Limit Class Limit 
(psi) (psi) (psi) 
20... about 10,000 35... 16,000-17,500 50... 24,500-27,500 
25... 11,500 40... 17,500-19,500 60... about 29,500 
30 13,700-15,500 45... 21,500-25,500 iv... about 31,500 
2s o 7" 
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Fig. 2—Increase in endurance limit of gray iron as af- 
fected by understressing. i ibited a tensile 
strength of approximately 20,000 psi and was under- 
stressed at 9000 psi. Fatigue limit of the specimen in- 
creased with increasing of understressing to a mini- 
mum of approximately 25 per cent. 








for lower strength irons. The ratio of endurance 
limits in torsion to those in bending have been 
found to be as low as 0.75 and as high as 1.25. 
Endurance ratio is usually higher when the load 
is applied from zero to a maximum in only one 
direction. In one study the endurance limit was 
found to be 19,000 psi for a complete reversal in 
bending, but 23,000 psi for bending from zero to 


Table 3—-Tensile and Fatigue Strength of 
Gray Irons 





Gray Iron No. 1 2 3 4 5 





Tensile strength (psi) 44,000 55,000 56,500 76,500 


Endurance limit, complete 
reversal bending (psi).... 
Endurance ratio, complete 
reversal bending ......... 0.43 44 0.40 
Endurance limit, half-cycle 
bending, 0-max (psi) 
Endurance ratio, half-cycle 
bending, 0-max é% 0.52 6 0.49 
Endurance limit, complete 
reversal torsion (psi) 
Endurance ratio, 
reversal torsion aa 
Endurance limit, half-cycle 
torsion, 0-max (psi) 
Endurance ratio, half-cycle 
torsion, O-MAK ....cccces 52 0.52 


19,000 22,000 22,000 25,000 


23,000 27,000 


16,000 16,500 21,000 
complete 
7 0.36 0.34 0.38 


25,000 


Table 4—Influence of Notching 
Endurance Limit 





—Endurance Limit—— 
Unnotched Notched 
(psi) (psi) (psi) 


Fatigue Stress 
Reduction, 
K factor 


Tensile Strength 





20,000 9,200 9,200 1.00 
25,000 11,900 11,400 05 


13,700 -10 
15,700 -40 


16,300 -20 
19,000 26 


29,800 
33,600 
36,500 
42,600 


15,000 
22,000 


19,500 
23,300 





Table 5—Endurance Limit and Endurance 
Ratio of Gray lron* 





Copper Tensile Strength J/Endurance Limit Endurance Ratio 
(%) (psi) (psi) 





0 48,500 
0.53 47,500 
0.99 50,000 
1.45 53,000 
1.98 54,500 
3.10 56,000 


23,000 0.47 
19,000 0.40 


22,000 0.44 
24,000 0.45 


24,000 0.44 
23,000 0.41 





*Containing 3.15 per cent carbon, 1.50 per cent silicon, alloyed 
with copper. 
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Fig. ‘3—Intteasé “in endurance limit as influ- 
enced by ‘the-unit stress used in, understressing 
a gray iron. Indications show that this increase 
in endurance limit does not occur to an im- 
portant extent in high-strength irons. 
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Fig. 4—Influence of rolling on fatigue strength of 
notched and unnotched test bars of gray iron with 
ferritic microstructure. Fatigue limit was improved 
110 per cent by optimum pressure. Pressures above 
optimum result in surface damage and reduced en- 
durance limit of the ferritic iron test bar. 


a maximum. A similar increase was also noticed 
when fatigue testing was conducted in torsion. 
Limiting fatigue strength and endurance ratio of 
several high strength irons are shown for a variety 
of different fatigue loading conditions? in Table 3. 


Notch Sensitivity: Introduction of stress raisers 
such as notches has little influence on fatigue 
properties of gray irons with tensile strengths 
of 40,000 psi or less. Notches reduce the strength 
of higher strength irons slightly. Notch sensi- 
tivity is generally measured by a fatigue stress 
reduction or K factor, which represents the ratio 
of the endurance limit of an unnotched fatigue 
specimen to a notched specimen. Effect of increas- 
ing tensile strength of the gray iron on the K fac- 
tor is shown for several irons® in Table 4. The 
average influence of notches on the endurance limit 
for tensile strengths up to 60,000 psi is also in- 
dicated graphically‘ in Fig. 1. 

It has been demonstrated in some work with 
crankshafts, for example, that relative dimen- 
sions of the gray iron part, in addition to influence 
of notches, can be changed to increase endurance 
limit. Stepped bars with different diameters show 
increased torsional fatigue limit compared to 
crankshaft sections. A reduction in all dimensions 
by 50 per cent increased limiting fatigue stress 
in torsion by 28 per cent for gray iron. 
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Fig. 5—Influence of rolling on fatigue strength of 
notched and unnotched test bars of gray iron with 
pearlitic microstructure. Endurance limit was im- 
proved 20 per cent by optimum pressure. 


Overstressing and Understressing: When gray 
iron and other metals are subjected briefly to 
stresses above the endurance limit, the eventual 
limiting fatigue strength is usually reduced. Re- 
duction in endurance limit by overstressing in- 
creases with stress and number of cycles. How- 
ever, if the material is understressed by subjecting 
it to cycling or static stresses below the endur- 
ance limit, the resulting limiting fatigue strength 
is increased. Progressively increasing understress 
may improve endurance Jimit. 

A study of the effect of overstressing on fatigue 
limit of gray iron at stresses up to 1.3 times 
the endurance limit has shown the excellent ability 
of cast iron to withstand overstress. Overstresses 
of 10 per cent for cycle ratios up to 80 per cent 
did not appreciably affect the fatigue limit of 
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unnotched specimens. For a 14-in. wide, 0.330-in. 
deep, square notch, overstressing actually im- 
proved the endurance limit of the iron. Only 
with a high degree of overstressing in the un- 
notched specimens did a significant decrease in 
fatigue limit occur. Ability to withstand over- 
stress is somewhat less for high-strength irons. 
The beneficial effect of understressing on fatigue 
properties can be demonstrated, although results 
are confined to low-strength irons. A gray iron 
with a tensile strength of approximately 20,000 psi 
and an endurance limit of 9300 psi was under- 
stressed at 9000 psi to obtain the increases in 
endurance limit® shown in Fig. 2. Fatigue limit 
increased with increasing cycles of understressing 
to a maximum of 25 per cent. When this same iron 
was understressed for 20 million cycles at various 
stresses, the higher the understress employed, the 
greater the increase in fatigue limit obtained® as 
shown in Fig. 3. There are indications, however, 
that this increase in endurance limit does not oc- 
cur to an important extent in high-strength irons. 


Effect of Surface Rolling and Surface Finish: 
Fatigue properties of gray iron can be measurably 
improved by surface rolling. In some recent work 
performed with V-notched specimens of ferritic 
and pearlitic gray irons, the notch was rotated 
between hardened steel rollers. Various pressures 
were applied, thereby increasing tensile strength 
and inducing compressive stresses into the surface 
layers. Results indicate that an optimum rolling 
pressure exists for improving fatigue properties 
and that higher pressures damage the surface and 
reduce endurance limit. Fatigue limit of ferritic 
iron was improved 110 per cent by the optimum 
pressure,® Fig. 4, while pearlitic gray iron showed 
a 20 per cent increase in endurance limit,® Fig. 5. 
S-N curves for unnotched-unrolled and notched- 
unrolled metal are shown in both cases for com- 
parison. It has been shown that fatigue strength 
of a cast crankshaft can be improved by cold roll- 
ing or roll polishing. 

As might be expected from the low notch sen- 
sitivity of gray iron, its fatigue properties are 


Table 6—Effect of Heat Treatment on Endurance Limit of Alloyed Gray Irons 








Iron Heat Hardness Impact, Endurance Endurance Increase in Increase in 
No. Treat* (bhn) Izod Limit Ratio Tensile Strength Endurance Limit 
(ft-Ib) (psi) (per cent) (per cent) 
1 AB 217 18 17,500 0.35 oe bs 
2 ABC 311 16 18,000 0.27 32 3 
3 AE 248 15 17,500 0.28 25 None 
4 AF 255 21 22,500 0.32 41 29 
5 GB 248 18 21,000 0.32 31 20 
6 A 197 * 16,000 0.34 “ . 
7 ACH 255 os 15,000 0.23 40 —6 
s A 207 on 17,000 0.33 i? ee 
9 ACD 293 T 15,500 0.20 53 —8 
10 A 217 ls 16,500 0.34 “ 
11 AE 277 Ss 16,500 0.28 None 
12 A ees oe 21,000 0.44 a - 
13 ACJ see ‘ss 25,000 0.33 59 19 





*A—Mold-cool to room temperature. 
B—Stress relieve at 1050 F. 
C—Oil quench from 1600 F. 
D—Temper at 1050 F for 2 hr. 
E—Austemper; oil quench from 1600 F to 900 F.. hold 
for 16 hr. 
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F—Austemper; oil quench from 1600 F to 650 F, hold 
for 16 hr. 

G—Shakeout from mold at 1600 F, air cool. 

H—Temper at 1130 F for 2 hr. 

J—Temper at 1000 F. 
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little affected by surface finish. Dependence on 
surface condition was shown, however, when the 
fatigue limit of a high-strength iron was im- 
proved approximately 20 per cent by removing 
the cast surface layer by machining. 


Effect of Structure, Composition, Section Size, 
and Heat Treatment: Fatigue properties of gray 
iron are very sensitive to structure, particularly 
graphite size and distribution. Endurance limit is 
usualiy considerably better in gray irons with fine 
graphite, and is even more aifected by this con- 
stituent than is the tensile strength. Effect of 
original as-cast structure still influences endur- 
ance limit after heat treatment. When tensile 
strength is increased by alloy additions, endurance 
ratio (not necessarily endurance limit) is gen- 
erally decreased as shown for copper additions® *: ® 
in Table 5. 

Fatigue properties are also influenced by heat 
treatment of gray iron castings,'”:!! Table 6. It 
has been demonstrated by quenching and temper- 
ing and by isothermal quenching that endurance 
limit does not increase as rapidly as the strength 
is increased. Thus, endurance ratio decreases and 
notch sensitivity increases as strength is increased 
by heat treatment. 

High-tensile strength irons, such as those with 
an acicular structure, usually exhibit a lower en- 
durance ratio, although some of these irons have 
been reported with endurance ratios as high as 
0.46. The lower strength austenitic gray irons in 
the 29,000 to 35,000 psi tensile strength range 
generally exhibit an endurance ratio of slightly 
more than 0.50. 

Increasing section size reduces fatigue strength 
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Fig. 6—Influence of elevated temperatures on ten- 
sile strength and endurance limit of a gray iron in 
notched and unnotched test specimens. 

limit decreases rapidly above 800 F. Austenitic gray 
irons, however, show acceptable fatigue life to 1160 F. 


of gray iron just as it affects other mechanical 
properties. Available data on the influence of 
test-piece size on fatigue properties show that 
both the endurance limit and endurance ratio de- 
crease with increasing section size. 


Effect of Elevated and Low Temperatures: Effect 
of temperature on fatigue properties of gray iron 
is slight to 800 F. Some results for special, low- 
silicon irons even indicate that fatigue strength 
may be somewhat higher at 400F than at room 
temperature. Above 800F, endurance limit, as 
measured by bending fatigue specimens, decreases 
rapidly,'? Fig. 6. Austenitic gray irons, however, 
demonstrate an acceptable fatigue life to 1160 F. 
A nickel-copper-chromium austenitic gray iron has 
shown only a slightly decreased fatigue strength 
from the room temperature value. Tensile strength 
decreases more rapidly than endurance limit for 
these irons, with the result that endurance ratios 
usually increase at high temperatures. 

The only results available for fatigue testing 
of gray iron at temperatures down to —50F in- 
dicate about a 25 per cent increase in endurance 
limit when the temperature is decreased from 80 
to —50F. Notch sensitivity of the gray iron was 
not altered by this decrease in temperature. While 
endurance limit might not improve as much with 
other irons over this temperature range, it does 
appear that low-temperature fatigue properties are 
at least equivalent to those at room temperature. 
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Forced-Air Cooled Refrigerator 


The condensers in the 1958 Westinghouse refrig- 
erator line are made of wire and tubing, not the 
refrigerated plates as stated on Pages 144 and 145 
of the November 14, 1957, issue of MACHINE DESIGN. 
The refrigerated plates are made of a preformed 
sheet-and-tube design. 
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The Personal Side of Engineering 
By EDWIN C. NEVIS 


Personnel Research and Development Corp., Cleveland, Ohio 
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Applying Your Creative Potential 


WIDELY held assumption, particularly 

among scientific and technical people, is 

that the main factor in solving a technical 
problem is training, inteiligence, and technical 
know-how. And in thinking about creativity or 
looking for people to solve difficult problems, we 
think of those who possess a high level of in- 
tellectual ability. 

Intellectual level of an individual is important, 
particularly for complex, abstract problems. But a 
great many personality and temperament factors 
are also related to the ability to solve problems, 
as well as to the way a problem is conceived and 
the way in which a solution is undertaken. In 
describing the approach of the competent, capable 
worker, we tend to use such adjectives as “per- 
sistent,” “curious,” “absorbed in what he is doing,” 
“flexible,” and so on. Yet these terms refer more 
to the quality of a person’s intelligence rather 
than to his sheer capacity. The implication is that 
a man’s potential is applied in a way which is 
characteristic of his general view of life and of 
himself. 

The way we organize our problem-solving de- 
pends upon the kind of person we are, the ex- 
periences we have undergone in our life, and the 
values which we stress as being important. If we 
are theoretical-minded, we will emphasize the dis- 
covery of truth in our approach to a problem. 
If we have a high need for social acceptance, we 
may be more likely to emphasize the use to which 
our results are put and the acceptance we can win 
from other people for solving the problem. If we 
are power-oriented, our approach to the problem 
may emphasize the status and prestige we can 
achieve in return for our solution. And each of 
these emphases will lead us to a somewhat differ- 
ent approach to the problem, though at all times 
our intellectual power may be in use. 

Not only do deeply engrained, life-long values 
influence our approach to problems, but also day- 
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to-day fluctuations in our feelings and our atti- 
tudes toward our job, the people who work with 
us, and those under whom we work. It is not un- 
common to find an engineer or scientist who ap- 
pears to be momentarily stopped in his solution 
to a problem, but who moves quickly ahead after 
he has resolved some supposedly unrelated per- 
sonal problem or conflict. 

Some clear-cut patterns in problem-solving stand 
out. For example, certain individuals see each 
problem as a tremendous challenge and a stimulus 
to move into action immediately. These action- 
oriented people do not give long, intense analytical 
treatment to a problem, but rather make a quick 
survey of what is required and act fast. Such 
individuals tend to show up well in emergency 
situations where the kind of solution is not neces- 
sarily as important as the speed with which the 
problem is attacked. 

A highly theoretical person, however, may sit 
back and, at a bit of distance, attempt to form 
an abstract conception of the problem. Such in- 
dividuals are particularly adroit at planning and 
organizing an approach to problems. At times, 
they do not give as much attention as might be 
desired to gathering empirical facts, but their solu- 
tions are generally well-organized, coherent, and 
frequently sophisticated. 

Then, there is the person who sees each problem 
in relation to other problems and searches for 
the opportunity to perform on a broad basis. Such 
individuals generally have a good deal of intellec- 
tual initiative and enterprise and are frequently 
valuable in defining prob'ems to be attacked 
sometimes more so than in actually solving them. 

Another type is the individual who is extreme- 
ly good at gathering specific facts and making 
careful observations and plans. This carefully de- 
tailed approach can often serve the needs of more 
theoretically inclined individuals, who may be more 
able to do the broad, basic planning for research 
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and design projects. These few examples barely 
indicate the range of possible problem-solving ap- 
proaches. 

Individual differences or “styles of perform- 
ance’”’ must be taken into consideration in prac- 
tical situations. Appreciation of the quality of a 
person’s intellectual approach can be helpful in 
assigning tasks which utilize his particular style 
fully. Thus, we might have two equally bright 
people in terms of basic intellectual capacity. But 
one might be better at taking quick action on 
specific, limited projects, and the other more capa- 
ble of long-range, abstract planning. 

Appreciation of these factors can also help us 
understand the viewpoints of other people, and 


particularly, help us realize why people with in- 
telligence and experience do not always solve prob- 
lems presumably within their grasp. Finally, ap- 
preciation of these differences tells us that it is 
somewhat improper to think of people only as be- 
ing more or less intelligent. We need to think of 
ability in terms of qualitative, as well as quanti- 
tative, differences. 

For these same reasons, it may be best to con- 
sider problem-solving as an art, and to think of 
the scientific method as a tool in the service of 
the “‘artist.’”’ Since they are engaged for the most 
part in applied problem-solving, engineers might 
try to evaluate the intangible and emotional fac- 
tors in their own and their colleagues’ problem- 
solving behavior. This analysis can foster greater 
mutual understanding and enhance productivity. 


Tips and Techniques 





Lines of Equal Length 


When ruling many close parallel lines, as for 
tables on a drawing, strips of masking tape will 
help assure equal lengths. Two strips of tape are 
placed perpendicular to the direction of the lines, 





f 


Tape—~__ 











spaced to mark the ends of the lines. The tapes 
speed drawing by eliminating the exact starting 
and stopping points. When the tapes are stripped, 
the ends of the lines are all even and sharp.— 
JOHN G. STEFFEY, W. H. Reisner Mfg. Co. Inc., 
Hagerstown, Md. 


Symmetrical Parts 
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Much time can be saved by using a circle tem- 
plate, in place of a scale, for laying out or drawing 
small parts which are symmetrical about a center- 
line, such as bolt heads, shafts, etc. The centerline 
of the part is lined up and the tangent points (90 
deg) are marked. This technique is especially help- 
ful on small parts, where dividing 1/16s on a scale 
is awkward.—PAUL S. PETERSEN, General Mills Inc., 
Mechanical Div., Minneapolis, Minn. 


Drafting-Machine Block 


Unless a drafting machine is counterbalanced, 
it will slide off a board tilted at a steep angle. To 
prevent this occurrence, a 2-in. wide block can be 
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made to fit the pencil tray of the drawing board. 
The block must be high enough to catch the scale. 
When the machine is not in use, it can be set 
against the block.—ROBERT WEBB, Oshkosh, Wis. 


Do you have a helpful tip or technique for our other 
readers? You’ll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables or photos to: Tips and Techniques 
Editor, MACHINE DgsiGN, Penton Blidg., Cleveland 13,0 
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Design Guide for 
STAMPED GEARS 


By FEDERICO STRASSER 
Santiago, Chile 


NEXPENSIVE, lightweight gears for light to 

medium-duty applications can be designed for 

‘stamping from sheet metal. When gears are 
produced partially or entirely by stamping, tooling 
costs may be greater than when made by other 
methods, but if the quantities are large, final costs 
can be very low. Depending upon production re- 
quirements, justifiable tooling costs, and precision 
of tooth-form required, gears can be stamped com- 
plete including the teeth, or the gear blanks can 
be stamped and the teeth produced by conventional 
gear-cutting methods. 

Stamped gearing offers the designer a number 
of advantages which are important in lightweight, 
low-cost gear trains: 

1. Shapes are almost unlimited, providing conven- 

tional press-tooling can produce them. Tabs, 
stops, nontoothed portions, holes, extrusions, 
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and bosses are readily incorporated in one- 
piece designs without necessity of extensive 
machining or assembly of small parts. 


. Sizes are relatively unlimited within the range 


of practical gearing requirements for the thick- 
nesses available. One major supplier lists a 
range of thicknesses from 0.006 to 0.250-in. 
and a pitch-diameter range from 3/16 to 10 in. 


. Tolerances are good. As stamped, gear teeth 


can be readily produced to within 0.002-in. of 
required tooth profile. While expensive tooling 
is required, stamped teeth can be die shaved 
to within 0.0005-in. of desired profile. Stamped 
gearing can be held to within ASME Commer- 
cial Class 4 requirements. Typical pitches for 
stamped gears are 8 to 120. Naturally, when 
stamped blanks are machined with conventional 
gear-cutting methods, similar tolerances are 
secured as with any other type of blank. 


. Weight is a decided advantage. Sheet-metal 
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Fig. 1—Stamped flat gears may be designed to in- 
clude lightening cutouts, spring pockets and sim- 
ilar details. Courtesy Winzeler Mfg. and Tool Co. 
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Fig. 2—Compound dies pierce the center hole, 
blank the exterior, and pierce other required open- 
ings simultaneously. Concentricity depends only 
upon the precision with which the die is made, 
and is normally very close. 

































































Fig. 3—Light hubs may be formed by extruding 
the center hole. The ID can be held to very close 
tolerances, but the end of the extrusion will be 
ragged and no precise height can be held. 
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Fig. 4—Swaging, a kind of cold forging, may be 
used to produce raised hubs or to force the teeth 
into a female die for good finish and precision. 


gears are inherently lightweight. By piercing 
lightening holes, this advantage can be in- 
creased. 

. Surface smoothness depends on the finish of 
the original sheet material. Normally very 
good, this finish can be whatever is required. 

. Material choice is wide, including all of the 
ferrous and nonferrous metals which are nor- 
mally adaptable to the stamping process. 

. Production, in pieces per man-hour of direct 
labor or per machine-hour, can be very high. 
This is a function of the type of tooling and 
machine used to produce the part. For high- 
volume stampings, the direct labor is virtually 
negligible when production is run with progres- 
sive dies on automatic presses. 

. Finishing costs are low and the selection of fin- 
ishes is very broad. If dies are maintained in 
good condition, little or no deburring is re- 
quired. The selection of coatings and platings 
available is the same as for other sheet-metal 
products. 


Naturally, stamping of gears has its disadvan- 
tages. Presses are expensive, and hourly machine 
costs may be higher than for other production 
methods. Tooling costs are high, and can be very 
high. Little or no design changes can be made 
without constructing entirely new tooling. Tool- 
ing lead time, compared with other gear-produc- 
tion methods, is adverse. Except for temporary 
or short-run tooling, the die design, tryout and de- 
velopment may take months. However, certain 
specialty firms offer standardized gears from their 
own tooling. When a design permits their use, 
these gears can be employed without waiting for 
tooling to be built and without high tooling costs 
for short runs. 


Flat Gears: Sheet-metal gears can be produced 


Fig. 5—Stamped gears can be assembled to sep- 
arate hubs, pinions or shafts by staking, brazing 
and other methods. Courtesy Winzeler Mfg. and 
Tool Co. 
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Fig. 7—Staking is widely used for joining gear assem- 
blies and offers good concentricity. 
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Fig. 8—Resistance welding produces a low- 
cost assembly but requires reaming the bore 


for good concentricity. 
ST 
Fig. 9—Soldering or brazing offers good con- 


[ i RSS Z 
centricity after assembly. Most nonferrous 


composite gears are joined in this way. 




















with any kind of holes, cutouts or irregular profiles 
or nontoothed portions desired, Fig. 1. Backlash- 
spring windows, commonly employed in instrument 
gears, are produced without additional operations. 
Thickness of the gear is limited to the tooth width 
at the pitch line in most cases, so a definite rela- 
tionship exists between the pitch and the maximum 
material thickness. 

Flat gears or gear blanks may be produced on 
a number of different types of press tooling, de- 
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STAMPED GEARS 


Fig. 10—Crown gears afford an inexpensive 
method of changing plane of rotation and simplify 
many design problems. Courtesy Winzeler Mfg 
and Tool Co. 


pending primarily upon production requirements. 
Progressive dies are usually the most costly and 
offer the highest hourly production. However, 
compound dies, Fig. 2, are normally employed for 
stampings where concentricity between a center 
hole and the outside diameter is important. Com- 
pound dies, like progressive dies, produce a com- 
plete part for each press stroke. The primary dif- 
ference is that on a compound die, the entire inside 
and outside contour is done at one time, while in 
a progressive die, internal holes are normally 
pierced first and the outside shape is blanked last. 
This progression of operations means that con- 
centricity depends upon piloting from station to 
station within the die. 

Typical flat gears are found in low-cost gear 
trains in nonprecision instruments, clock works, 
toys, etc. The possible size range is wide enough 
to fulfill almost any requirement. Pitch diameters 
may range up to 10 in. and material thickness up 
to 14-in. 


Gears with Hubs: Flat gears can be provided 
with extruded bores, or the hub may be a separate 
part. Extruded bores, Fig. 3, are limited to about 
three times the material thickness, depending up- 
on bore diameter and material. If the required 
hub height is less than material thickness, the 
raised hub can be swaged, Fig. 4. For swaging, the 
gear is normally produced from material slightly 
thicker than the final desired tooth width and the 
excess material is cold forged to form the em- 
bossed hub. 

Composite construction, Fig. 5, can join a 
stamped gear to a hub, shaft, pinion, or other 
part. Any of a number of joining methods may 
be employed, including mechanical fasteners, stak- 
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ing, welding, soldering and brazing. For very low 
power requirements, press-fit joints are occasional- 
ly used, although these usually need staking or 
some other locking means if nonrotation of the 
gear in relation to the hub is desired. 

Mechanical fasteners are usually rivets, Fig. 6, 
unless the gear is cesigned so that it may be readi- 
ly removed from its hub; in this case, threaded 
fasteners should be used. Staking, Fig. 7, takes 
many variations, although in each case the gear 
or the hub, usually the latter, is deformed in a 
die to lock the two units together. Arc welding is 


Table 1—ASME Commercial Gears, Class 4 


Specification 





Tolerance, TIR 
(in.) 





Center distance composite error, total.... 
Composite error, tooth to tooth .. 
Backlash in mating gears ... 


0.0015 
0.0007 
0.004 to 0.006 
Runou., OD with bore, DP 20 to 39 .... 0.003 
DP 40 to 79 .... 0.002 
DP 80 and finer . 0.001 


Table 2—Typical Die Clearance 


Per Side 
(per cent of t) 


Material 


Aluminum alloys 1100 and 5052 .......... 
Aluminum alloys 2024 and 6061 .. 

Brass, all tempers .. re 
Cold-rolled steel, dead soft ........ 
Stainless steel, soft .. : 

Cold-rolled steel, half hard .. 

Stainless steel, half and full hard . 
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Fig. 11—Above—lInternal gears may be designed 
for stamping. The gear is made in two parts, the 
internal gear itself, and a separate back. A variety 
of joining methods may be employed. 


Fig. 12—Below—Gears for heavier loads may be 
designed by laminating two or more to obtain the 
desired face width. Courtesy Winzeler Mfg. and 
Tool Co. 


reserved for larger assemblies, but projection weld- 
ing, Fig. 8, is widely employed. Nonferrous gear 
assemblies are usually soldered or brazed, Fig. 9. 


Crown Gears: When two mating gears are not 
in the same plane, stamped gears can be designed 
to serve the same puipose as bevel or face gears 
in conventional gear design, Fig. 10. Such gears 
are produced by cupping or flanging the edge of 
the blank, including the gear teeth. These gears 
are normally produced by first stamping a flat 
blank with a special developed tooth shape. After 
crowning, the tooth shape is standard form. Nor- 
mal angles of crowning are 60 and 90 degrees. 

A variation of drawing can be used for internal 
gear designs. The gear, Fig. 11, is made in two 
pieces, one piece for the internal gear and the 
other for the back. The two may be joined by 
brazing, staking or the other normal joining meth- 
ods. 

Gears can be designed for heavy loads where the 
necessary material thickness is too great for the 
desired pitch by using laminated construction, Fig. 
12. Any desired face width may be specified by in- 
creasing the number of laminations. Exact align- 
ment of the teeth is provided by half extrusions, 
dimples, or holes and dowel pins, Fig. 13. The 
laminations are permanently joined by employing 
rivets, welding or brazing. 


Stamped Gear Teeth: Press operations alone can 
produce gear teeth to ASME commercial Class 4 
limits, Table 1, with shaving. Shaving operations 


Fig. 13—Below—In laminated construction, 
half extrusions, dimples or dowel pins as- 
sure tooth alignment. Joining is usually by 
rivets, welding or brazing. 
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produce much closer tolerances than stamping 
alone, with finishes to 64 microinches rms, but 
the tooling is expensive. It must be remembered 
that although the size and shape of a stamped 
tooth form will change very little throughout the 
life of the die, the sheared edge of a stamping is 
neither smooth nor square, Fig. 14. If the dies 
are maintained in good condition, about 44 to % 
of the material thickness will be the exact size of 
the female die opening. This surface will be quite 
smooth; the rest of the surface will be rough 
and tapered to the size of the male punch. Since 
punch and die clearance for steel averages 7 per 
cent of material thickness per side, each individual 
tooth thickness will vary about 15 per cent of 
the material thickness, side to side of the tooth 
face at the pitch line. Table 2 gives representative 
die clearances for various materials. If these di- 
mensional variations do not fulfill design require- 
ments, the teeth can be die shaved to provide about 
90 per cent smooth face, or the gear can be 
stamped as a blank and the teeth machined in 
afterward. Conventional gear-machining methods 
are then used, such as hobbing, shaper-generating, 
milling, broaching, etc. 

Swaging will produce nearly full-face gears to 
extremely close tolerances, but the tooling is ex- 
pensive and subject to rapid wearing. Swaging is 
most useful when design configurations are re- 
quired that can not be economically produced by 
other methods. These configurations can include 








Fig. 14—-Stamping does not produce a smooth 
tooth face. The sheared edge is to size and fairl 
smooth for approximately 1/3 ¢, then tapers bac 
with a somewhat ragged surface. This surface 
condition can be corrected by shaving, but the 
shaving die is expensive. 
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Fig. 15-—-Swaging, although requiring expensive 
tooling, can be used to produce unusual design re- 
quirements. Swaging, a type of cold forging, can 
be used to force a part into a die cavity for high 
precision and good finish, or to produce features 
such as the half shroud shown. 
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hubs, as mentioned before, local thickening at the 
rim, shrouding on one side of the teeth, etc., 
Fig. 15. 

Stamped gears should be considered whenever 
low-cost or lightweight gears are required for high- 
volume applications. Tooth faceszare neither reg- 
ular nor high precision, but if: volume justifies 
the tooling, tooth forms can be produced to toler- 
ances comparable with cut teeth. 
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Resistance Calculations 


The resistance equivalent to that of two resistors 
in parallel, or of two capacitors in series, is given 
by 

1 1 1 


2. & 


where R, = equivalent resistance of the network; 
and R, and R, are individual resistances. 

This law of combination holds for a number of 
other quantities also. The equation is usually 
written in the form 


Ra Ry 
R, Tr R, 


R, 


An alternative form can be obtained by dividing 
both numerator and denominator by R, (assuming 
R, > R,). Then, 


Ra 


R, =- a 
1 + Ra/R» 


Thus, R, is always less than R, (the lower-valued 
resistor) and the amount by which it is less can 
be easily estimated from the ratio R,/R,. This 
form also lends itself to simple slide-rule calcula- 
tions. If R, on the C scale is set opposite R, on 
the D scale, R,/R, (a quantity between 0 and 1) 
appears under the C-scale index. The C-scale index 
is then moved to this value plus one, on the D 
scale. Then, over R, on the D scale, R; is read 
from the C scale. 

In similar fashion, one can determine the resist- 
ance FR, that must parallel R, to obtain a given 
R, from the expression 

Ry 
Ry = ——_—_— 
1 — Re/Re 
This adapts itself for both quick estimation and 
for simple slide-rule calculation——JESSE E. RoTH 
JR., electrical engineer, Otis Elevator Co., Elec- 
tronic Div., Brooklyn, N. Y. 
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A one-man helicopter, the 
Hiller XROE-1 Rotorcycle, uti- 
lizes a number of strategical- 
ly located single-acting quick- 
release pins to achieve com- 
plete ‘'foldability."’ Progres- 
sive stages in the assembly of 
this unique design are shown 
in Fig.b through f. A close- 
up view of some of the as- 
sembly details appears in 
Fig. g. Developed for the 
Marines, this small helicopter 
weighs 270 Ib; is powered by 
a Nelson two-cycle, four-cylin- 
der, horizontally opposed, air- 
cooled engine rated at 40 
bhp/4000 rpm. It has a maxi- 
mum speed of 70 mph and 
a working range of about 170 
miles. The complete assem- 
bly folds into a compact pack- 
age that can be easily trans- 
ported from point to point or 
air dropped to personnel. 
Photos, courtesy Hiller Helicopters 
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Fasteners ¢ Basic Forms 


¢ Selection Factors 


Part 2— Quick-Release * Design Practices 
Attachment Production Considerations 


\IMILAR in form but different in details of 
construction and application, pin fasteners 
can be adapted to a wide range of assembly 

requirements where loading is primarily in shear. 
From a design standpoint, two specific fastening 
functions are offered by the various types of pin 
devices: 1. Semipermanent assembly. 2. Quick-re- 
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lease attachment. 
Pin fasteners for semipermanent assembly were Ria A deta asia) tose 349 
covered in detail in a previous article (November 14 
issue, Pages 122-131). In this second article at- 
tention will be given to the various quick-release 
pin types and the factors influencing their selec- 
tion and application in specific design situations. 
Several commercial pin devices have been de- 
veloped for rapid, or frequent, manual assembly 
and disassembly. Except for one quick-release 
“cotter pin,’ these pin designs are based largely 
on aircraft requirements and have seen wide use 
in the assembly and installation of ground-han- 
dling and airborne equipment for both fixed and ies 
rotary-wing aircraft. However, applications in a 
both industrial and domestic equipment are grow- 
ing more common in a wide range of light and Phete, seurteny Weldbel Disthiniae Ce. 
heavy-duty assembly functions. 
Typical possibilities are graphically demonstrat- 


ed in the accompanying illustrations of a “col- , SReEaeE 
lapsible’”’ helicopter design which utilizes a large Ly= ; 


number of quick-release pins to effect complete 
assembly or disassembly of the aircraft structure. 

A self-contained fastening device, the quick-re- 
lease pin represents the result of combining a Fig. 10—Typical commercial quick-release pin de- 


standard pin form with some type of manually signs of the push-pull type. Core of detent ass¢in- 
bly may be either a spring, as shown in the cross- 


operated locking mechanism. Certain practical ad- section view, or some other resilient means. 
vantages in ease and convenience of assembly and 











Ball-Lok 
Drawing, courtesy D. W. Price Corp. 
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disassembly are achieved through the design, al- 
though unit costs of these pin devices will gen- 
erally run higher than for other fasteners because 
of the more elaborate construction involved. 

In contrast to the majority of semipermanent 
pin fasteners which require a ‘‘force-fit’’ assembly, 
quick-release pins are designed for a clearance fit 
in holes formed to nominal-diameter dimensions. 
Holes drilled to normal production tolerances are 
generally considered adequate; however, manu- 
facturing and accuracy requirements may influence 
the degree of precision necessary. 

Commercially available quick-release pins vary 
widely in head styles, types of locking and re- 
lease mechanisms, and range of pin lengths. Un- 
like the semipermanent-assembly pins, these fast- 
eners are not presently covered by any formal 
standards, although the possibilities of a standard- 
ization program are now being studied in the air- 
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Installation of complete upper deck in Douglas 
C124 is accomplished with quick-release pin fasten- 


ers. Knuckle-joint arrangement, a, anchors half of 
floor structure to side of fuselage. Similar construc- 
tion, b, holds center supports in place. These sup- 
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Drawings, courtesy Waldick Engineering Co. 





joint assembly; b, hinge assembly; 
scoping-tube joint construction. 


craft industry. However, established manufactur- 
ing practices for the various commercial pin de- 
vices are generally considered adequate for de- 
sign applications as related to pin tolerances and 
strength, and reliability of locking devices. 

Quick-release pin fasteners are of two basic 
types: 1. Push-pull. 2. Positive locking. Pins of 
the first type employ a retaining mechanism that 
is actuated by manually overcoming resistance to 
insertion or removal. For the second type, opera- 
tion of the locking mechanism is independently 
controlled. Each of these general types will be 
considered separately. 


Push-Pull Pins: Representative quick-release 
pins of the push-pull type are shown in Fig. 10. 
These pins are made with either a solid or hollow 
shank, containing a detent assembly in the form 
of a locking lug, button, or ball backed up by 


ports can be quickly removed, allowing each half 
of floor to drop against sides of fuselage to facilitate 
the cartage of ‘‘tall'’ equipment. Access to upper 
deck is provided by detachable metal-ladder assem- 
bly, c, that is anchored with quick-release pins. 
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Fig. 11—Representative applications for push-pull 
types of quick-release pin fasteners: a, knuckle- 
and ¢, tele- 
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Photo and drawing, courtesy Danuser Machine Co. 


Fig. 12—Heavy-duty, positive-locking, quick-release 
cotter pin. When the pin is inserted, the ring is 
folded down to lock the pin securely in position. 


some type of resilient core or plug. The detent 
member projects from the surface of the pin body 
until sufficient force is applied in assembly or re- 
moval to cause it to retract against the spring 
action of the resilient core and release the pin for 
movement. 

Common commercial pin sizes offer a range of 
nominal diameters from 3/16 to 114 in. (1/16-in. 
steps) in grip lengths from 1% to 4 in. (0.1-in. 
steps). Pin materials include standard screw-ma- 
chine stock, Leadloy, and low-carbon, stainless, 
and heat-treated alloy steels. In addition, cus- 
tom pins made to special size, material or shape 
requirements can be obtained from manufacturers. 

These pins are normally supplied with a pull- 
ring mounted in the head section, although other 
grip designs, such as T and L-shaped handles, 
are available. Rated pull-out loads (force required 
to actuate detent) vary with manufacturers but 
can be regulated within limits to meet specific 
assembly requirements. Normal range is 10 to 30 
lb, depending on pin size; however, ratings from 
5 to 50 Ib are possible. A value of about 10 Ib 
is generally considered adequate for most design 
situations. 

Typical applications for pins of the push-pull 
type are shown in Fig. 11. These pins are made 
0.002 to 0.004-in. undersize to fit any standard 
hole drilled to nominal-diameter dimensions. From 
an operational viewpoint, holes up to 0.010-in. 
oversize are permissible; however, pull-out loads 
can be expected to decrease as looseness of fit in- 
creases. To facilitate assembly of the pin, hole 
edzes should be deburred or slightly chamfered. 

Primary function of these pins is to fasten parts 
under shear loading. Ideally, direction of load 
application should be at right angles to the shank 
of the pin. Locking mechanisms of these pins are 
designed to provide secure retention against acci- 
dental disassembly due to vibration or the force of 
pin weight. But they are not recommended for 
application under tension loading. 

Shear strength of the pin is a function of the 
pin material. For pins of high-alloy steel, heat 
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treated to a tensile strength of 125,000 psi, load 
capacity in single shear varies from about 3700 Ib 
for 1,-in. size to about 59,000 lb for 1-in. size. 

In the specification and application of push- 
pull types of quick-release pins in mechanical as- 
semblies, here are some practical points to be 
kept in mind in design: 

1. To prevent pins from being lost or mis- 
laid, or from falling into the operating assembly 
and becoming lodged, some means of anchoring the 
pin near the point of application should be pro- 
vided. For example, a short length cf cable, chain 
or wire can be employed to fasten the pull grip or 
handle to a main structural member, allowing 
sufficient slack to permit free movement of the 
pin in assembly and disassembly. 

2. If pin assemblies are to be exposed to severe 
environmental conditions (temperature, moisture, 
etc.), consideration should be given to the pos- 
sibility of jamming due to freezing or expansion 
of the pin and its mating parts. In some instances, 
pretesting of prototype assemblies under simulated 
operating conditions may be justified where reliabil- 
ity is a critica] factor. 

3. In rotating assemblies, pull-out load developed 
by the pin should be sufficient to withstand the 
effect of any centrifugal forces produced. Other- 
wise, the pin may creep out of its hole, unlocking 
the assembly. 

4. Location of the pin assembly should permit 
easy pin removal by a quick pulling motion with 
one hand. 


High pull-out load requirements in 
cramped space can lead to problems in assembly 
and disassembly, and should be avoided. 


Positive-Locking Pins: Three types of quick- 
release pin fasteners have been developed in which 
the locking action is independent of insertion and 
removal forces. One is the heavy-duty cotter-pin 
design mentioned previously. The other two types 
are the various single-acting and double-acting 
pin devices. 

As in the case of the push-pull pins, these pins 
are primarily suited for application under shear 
loading. However, some degree of tensional load- 
ing usually can be tolerated without affecting the 
pin function. As a general rule, construction of 
these pins is more elaborate than for the push-pull 
types. 

HeEAvy-Duty CoTTeR Pin: Developed for heavy- 
duty fastening service in agricultural equipment, 
this quick-release pin, Fig. 12, employs a forged 
high-carbon steel body to replace the conventional 
split-cotter construction. Locking action is pro- 
vided by a tempered steel snap ring mounted to 
the head of the pin. In assembly the ring folds 
over the end of the shaft, or similar member, in 
which the pin is assembled. 

Design options include round and semiround 
(flat on back side) pins. The round pin has a 
nominal diameter of 1, in. and a shank length of 
134 in. Semiround pins, with a nominal diameter 
of 7/16-in., are available in shank lengths of 1- 
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7/16 and 134 in. Two snap-ring sizes are fur- 
nished: 134 and 1% in. diameters. The snap 
rings are wound with a slight spiral to keep them 
firmly folded against the pin in the locked posi- 
tion. Pin assemblies can be obtained with a length 
of sash chain attached for anchoring to the ma- 
chine structure. 

Simple but rugged fastening elements, these 
pins have seen wide use in the attachment of 
tractor hitch assemblies. They have also been em- 
ployed in door latches or as a means for anchor- 
ing pivoted or hinged machine members. 

SINGLE-ACTING PINS: Representative types of 
single-acting pins are shown in Fig. 13. Similar 
in appearance, and in certain aspects of applica- 
tion, to the push-pull pins discussed previously, 
these quick-release fasteners are basically an air- 
eraft development. 


Ball- 
Lok 








Photo, courtesy D. W. Price Corp. 
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Photo, courtesy Aviation Developments Inc. 


Fig. 13—Typical commercial designs of single- 
acting, quick-release pin fasteners. Locking action 
of pin is controlled by means of manually oper- 
ated spring-located plunger-and-ball mechanism. 


Locking action is controlled by a spring-located 
plunger-and-ball mechanism. In normal (locked) 
position, balls project beyond the surface of the 
pin shank to provide a positive lock. When the 
plunger is moved by means of a button or lever 
assembly at one end of the pin, the balls are free 
to sink below or flush with the pin surface, releas- 
ing the pin for movement in and out of the hole. 

Commercial pin sizes include a range of nominal 
diameters from 1, to 1 in. (1/16-in. steps) in 
grip lengths from 0.1 in. up (% or 0.1-in. steps). 
One manufacturer, for example, offers grip lengths 
up to 9.9 in. as standard. 

A number of head styles and release mechanisms 
have been developed for these pins. Conventional 
forms include button-head, T-handle, and L-handle 
designs, Fig. 13, with a pushbutton release. The 
button-head construction is recommended for gen- 
eral-purpose application and offers advantages 
from an appearance standpoint. The T and L- 
handle designs are recommended where binding 
in assembly is possible and may require a firm 
grip and twisting motion for disassembly. Pull- 
release types, as well as combination push-pull 
units, for remote operation or other special as- 
sembly requirements can also be obtained. 

All of these pins are made undersize (from 
0.0015 to 0.0045 in. depending on manufacturer) 
for a free fit in holes drilled to nominal-diameter 
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Fig. 14—Conventional double-acting, quick-release 
pin fastener showing construction details and 
typical application in Lockheed T2V-1 dive-brake 
assembly. Used for direct connection of hydraulic 
actuator and dive-brake crank horn, pin provides 
positive locking action but can be readily driven 
in or out of fixture for quick removal and assem- 
bly under tactical operations. 
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dimensions. Potential applications parallel those 
of the push-pull pin devices, Fig. 11. 

Minimum single-shear strength of these pins 
varies from about 4100 lb for the 14-in. size to 
65,300 lb for the 1-in. size. These values are based 
on one-half of the average double-shear failure 
strength determined by test. As indicated pre- 
viously, in addition to primary shear strength, 
these pins offer limited capacity in tension. De- 
termining consideration in such applications will 
be either the strength in bearing of the part ma- 
terial in contact with tne locking balls, or the 
shear strength of the balls at the plane of load- 
ing, whichever is the lower. Quality of fit, nature 
of loads, and required reliability of the assembly 
are all contributing factors that must be evaluated. 
Where tensile load is critical, special pin designs 
with four locking balls for maximum tensile 


Testing of individual circuit 
“books, or modules, in the 
Datatron electronic digital 
computer is facilitated by 
a special extender unit. 
Mounted between the circuit 
book and computer chassis, 
the extender unit moves the 
circuit into an easily accessible 
position and provides a bat- 
tery of plug-in test points for 
analysis of circuit components. 
The extender unit is mounted 
in place by a guide prong at 
the bottom and a long single- 
acting quick-release pin at the 
top of the extender unit. Pur- 
pose of the pin is to furnish a 
firm cantilever support for the 
test assembly as well as to 
provide a means for quick in- 
stallation and removal of the 
extender unit. Movement of 
the pin in assembly is pre- 
vented by two snap rings 
mounted in grooves in the pin 
body. Access to the push- 
button release mechanism of 
the pin is provided by a hole 
in the top of the extender- 
unit sheet-metal casing. 
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strength can be obtained. 

In the specification and application of single- 
acting pins, some of the practical points discussed 
previously for the push-pull types should be kept 
in mind. These are, namely: Method of anchor- 
ing pin to structure, effect of environmental con- 
ditions, and accessibility of pin assembly. 

DouBLE-ACTING Pins: A modification of the 
single-acting type, these pins, Fig. 14, have a 
bidirectional spring-located plunger, That is, move- 
ment of the plunger in either direction along its 
barrel will release the locking balls. 

Conventional form of this pin has a pull-ring 
at the head end with the tip of the plunger ex- 
tending beyond the other end of the pin. An in- 
tentional blow on the protruding head or tip shifts 


Photos, courtesy D. W. Price Corp. 
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the plunger, releasing the balls and permitting the 
pin to be driven in or out of the hole. In addi- 
tion, direct manual removal of the pin may be 
accomplished by means of the pull ring. 

Commercial size and material specifications for 
these pins are essentially the same as for the 
single-acting types except for one detail. Minimum 
grip lengths vary from 0.20 in. in the 14-in. size 
to 0.9 in. in the 1-in. size. 

General range of application of the double-acting 
pins is, by and large, the same as for the single- 
acting types with one qualification. These pins 
are recommended primarily for use where normal 
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structural distortion, or other loads on joint and 
pin, can cause hole misalignment and binding prob- 
lems. Under such conditions, the drive-in, drive- 
out feature of these pins offers practical advan- 
tages in assembly and disassembly. 


EDITOR’S NOTE 


On behalf of the National Aircraft Standards Com- 
mittee, a preliminary survey to evaluate all of the 
various types of pins used in the aircraft/rotorcraft 
industry has been completed by Hiller Helicopters’ 
NASC representative: J. Edward Kampf, Supervisor, 
Engineering Standards and Procedures, Hiller Heli- 
copters, Palo Alto, Calif. Studies are now underway 
to standardize these types of fasteners through a series 
of NAS drawings. Any additional information, com- 
ments, or suggestions that may be of help in this ef- 
fort will be welcomed by Mr. Kampf. 





Circumscribing Circles 


Two methods may be used to circumscribe a cir- 
cle about three equal circles when the centers of 
the given circles are not known. 





Tangent Circles (a); 

1. Draw tangents AA’ and BB’ 

2. Erect perpendiculars from the tangent lines, 
passing through contact points of the respective 
circles. 

3. Intersection O, of these perpendiculars is the 
center of the circumscribing circle. 


Nontangent Circles (b) ; 

1. Draw crossing tangents AA’, BB’, CC’, and DD’. 

2. Draw outside tangents, XX’ and YY’. 

3. Erect perpendiculars from XX’ and YY’, passing 
through the intersections of lines AA’, BB’, and 
CC’, DD’ respectively. 

. Intersection, O, of these perpendiculars is the 
center of the circumscribing cycle. 


—C. G. Roy, technical assistant, Indian Institute of 
Technology, Mechanical Engineering Dept., Kharag- 
pur, India. 


Accurate Circle Computations 
Muitiples and reciprocals of pi are convenient for 
computing circumferences and diameters of circles. 


Practically any desired degree of accuracy can be 
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obtained, and since the only operation performed is 
addition, it is easy to check the results. 


Table 1—Multiples and Reciprocals of Pi 





Reciprocal 


Integer 
N /t 


Multiple 
aN 





0.31 831 
0.63 662 
0.95 493 
1.27 324 
1.59 155 
1.90 986 
2.22 817 
2.54 648 
2.86 479 


3.14 159 265 
6.28 318 531 
9.42 477 796 
12.56 637 061 
15.70 796 327 
18.84 955 592 
21.99 114 857 
25.13 274 123 
28.27 433 388 


1 
2 
3 
4 
5 
6 
i 


© 





As an example of the use of the table, the cir- 
cumference of a circle of 28.153 diameter, correct 
to three decimal places, is 


20 62.8318 
87 = 25.1327 
0.17 = 0.3141 
0.057 = 0.1571 
0.0037 = 0.0095 
88.4452, or 
88.445 to three decimal places 





The diameter corresponding to a circumference 
of 28.153, correct to three decimal places, is 


20/7 = 6.3662 
8/7 = 2.5465 
0.1/7 = 0.0318 
0.05/7 = 0.0159 
0.003/7 = 0.0009 
8.9613, or 
8.961 to three decimal places. 





The value of z+ = 3.1415926536 was used for ob- 
taining the multiples of pi and the values then 
rounded off to eight decimal places; 0.3183099 
was used for the reciprocal of pi and the computed 
values rounded off to five decimal places.— 
F. Murray, Chicago, IIil. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables, or photos to: Tips and Techniques 
Editor, MACHINB DESIGN, Penton Bidg., Cleveland 13, O. 
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Chart for finding 
Kinematic Viscosity and 


Reynolds Number 


By KENNETH A. MERZ 
Assistant Chief Engineer 
Air Impeller Div. 
Torrington Mfg. Co. 
Torrington, Conn. 


“AN and blower systems for cooling airborne 
electronic equipment are usually more diffi- 
cult to design than sea-level systems because 

of the changed physical characteristics of air as a 
heat-transfer medium at high altitudes. Space for 
air flow in aircraft is limited, and air density is 
low. Therefore, air is usually delivered at ex- 
tremely high velocities in order to remove a given 
quantity of heat from power tubes, transformers, 
or other electronic components which produce high 
temperatures. 

Two basic characteristics of air if known for 
a particular airborne cooling system allow deter- 
mination of the heat-transfer film coefficient: 1. 
Kinematic viscosity, v. 2. Reynolds number, Wp. 
Kinematic viscosity is the ratio of absolute vis- 
cosity, », to fluid density, p. Since absolute vis- 
cosity rises with temperature and density drops 
with decreasing pressure (high altitudes), kine- 
matic viscosity can be extremely high in airborne 
cooling systems. The significant pressure, of 
course, is that maintained in the actual cooling 
section. 

Reynolds number is a dimensionless measure of 
air-flow condition given by the expressions 

2Q 


Nr - (round duct) 
v( avr) 


2Q 
Nr - (rectangular duct) 
via + b) 
where Q is air flow rate, a and b are side dimen- 
sions of a rectangular duct, and r is the radius 
of a circular duct or flow path. 
The chart in Fig. 1 gives kinematic viscosity 
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as a function of temperature in the heat-transfer 
area for various altitudes in the electronic section 
from sea-level to 100,000 ft. Reynolds number is 
given at values above 30,000 for turbulent flow 
only. It is not likely to be lower in airborne appli- 
cations and can be obtained from the known kine- 
matic viscosity, required flow rate Q, and duct 
or flow path dimensions, whether rectangular or 
round. 


Example: In the example illustrated in Fig. 1, 
values of kinematic viscosity and Reynolds number 
are desired for an air temperature of 200 F, alti- 
tude of 60,000 ft, flow rate of 500 cfm, and a 
3 x 4-in. rectangular duct. A vertical line from 
200 F on the temperature scale intersects the curve 


Nomenclature 





- Side dimension of rectangular duct, in. 
Side dimension of rectangular duct, in. 
- Reynolds number 
- Air flow rate, cfm 
= Radius of circular duct, in. 
- Absolute viscosity, Ib per ft-sec 
= Kinematic viscosity, sq ft per sec 
= Fluid density, lb per cu ft 


for 60,000 ft at point A. A horizontal line from 
point A intersects the viscosity scale at 35 x 10-4 
sq ft per sec. A line from this point through 500 
on the flow-rate scale meets the reference line at 
point B. Finally, a line from point B through 7 
on the scale for rectangular ducts (equivalent to 
a round duct with a 21,-in. radius) intersects the 
Reynolds number scale at about 500,000. 
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NEW cellular plastic materials 

in rigid and flexible form 
make it possible to design a large 
number of products to perform 
specific functions. In the past, 
cellular materials based on rubber 
had a relatively fixed range of 
properties and were not as adapt- 
able to specific applications. 


Flexible Cellular 
Materials 


Rubber, vinyl, and urethane are 
the major contenders in the field 
of flexible cellular materials. Fig. 1 
shows the relative stress-strain re- 
lationship of four materials: Rub- 


By LEON TALALAY 
Director of Research and Development 
B. F. Goodrich Sponge Products Div. 

B. F. Goodrich Co. 
Shelton, Conn. 


ber foam, vinyl foam, and two 
types of urethane foam. 

The curve for an early polyester 
urethane foam, Type 1, shows a 
characteristic discontinuity which 
makes it an undesirable material 
for certain applications such as 
comfort cushioning. Resistance to 
compression builds up rapidly, then 
changes at a certain level of de- 
flection. Polyurethane foam, Type 
2, however, shows more desirable 
stress-strain characteristics since it 
has a much lower density for the 
same compression-load carrying ca- 
pacity and is based on inexpensive 
raw materials. 


Shock Absorption: Fig. 2 shows 
hysteresis observed on loading and 
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Lotex Foam 


RMA. Compression (psi) 
&. § 


w 
oO 





unloading the four types of ma- 
terials under discussion. Data were 
obtained at a rate of 10 in. per 
min and materials were com- 
pressed by 75 per cent of their 
original height. Polyester type of 
urethane exhibits remarkable prop- 
erties of shock and energy absorp- 
tion. The others, particularly rub- 
ber foams, have too little hys- 
teresis loss to be good shock ab- 
sorbing materials. The faster the 
rate of loading, the greater the 
hysteresis loop becomes with ure- 
thane, while little change is ob- 
served with rubber. 

Rebound elasticity of the vari- 
ous materials is a relevant fact in 
shock protection. In addition to 
being able to absorb the energy 
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Fig. 1—Compression-deflection curves for rubber foam, vinyl 


foam, and two types of urethane foam. 
polyester urethane foam, Type 1, shows a characteristic dis- 
continuity which makes the material undesirable for certain 
Polyurethane foam, Type 2, has a much lower 
density for the same compression-load carrying capacity. 


applications. 
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The curve for 


60 800 20 
Deflection ( per cent) 


Fig. 2—Hysteresis loops observed on loading and unloading 
rubber, vinyl, and urethane foams. 
pressed by 75 per cent of their original height. 
foams have too little hysteresis loss to be used in applica- 
tions requiring good shock absorbing properties. 


Materials were com- 
Rubber 
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of shock, the material, for proper 
protection, should have relative- 
ly little rebound elasticity. Ure- 
thane polyester foam, Type 1, has 
the lowest rebound elasticity of 
the flexible materials under con- 
sideration, although vinyl foam is 
a close second. Rebound elasticity 
of polyester urethane is about 30 
per cent as compared to 75 per 
cent for natural latex foam rubber. 


Sound Absorption: Fig. 3 shows 
absorption coefficients of three soft 
and one rigid cellular material at 
various frequencies. All materials 
are quite good in the range of 
medium frequency vibrations. Data 
for the rigid polystyrene foam 
seem to indicate that it is not too 
satisfactory a material. However, 
good results have been obtained in 
noise level reduction through the 
use of rigid cellular plastic panels 
having a pattern of perforations. 


SS 








Fig. 3—Sound absorption coefficients of 
three soft and one rigid cellular material 
at various frequencies. Despite the low 
coefficient of absorption for rigid styrene 
foam, satisfactory results were obtained 
in noise-level reduction tests with per- 
forated styrene panels. 


Tensile Strength and Elonga- 
tion: A comparison of _ tensile 
strength and elongation-at-break 
of the various cellular materials are 
shown in Fig. 4. Strength proper- 
ties of the material are very im- 
portant factors for some given ap- 
plications. The open bars repre- 
sent the tensile/density index ob- 
tained by dividing absolute tensile 
strength in psi by the density of 
the material tested in lb per cu in. 
Because the density at which these 
materials are made for a different 
load-carrying service might be 
widely different, the tensile/density 
index is a truer expression of the 
comparative strength of these cel- 
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Fig. 4—Comparison of tensile strength 
and elongation-at-break of various cellu- 
lar materials. The tensile/density index, 
represented by the open bars, is a truer 
expression of comparative strengths of 
these materials than values shown for ab- 
solute tensile strength. 


lular plastic materials. 

Urethane Type 1 and Type 2 are 
considerably superior to both nat- 
ural and synthetic rubber foam 
and to vinyl, taking into account its 
higher density. This is also true 
of abrasion resistance, although 
no good means of measurement has 
yet been found for this property. 

Elongation-at- break is rather 
similar for most cellular materials. 
However, natural-rubber foam has 
an elongation-at-break of 350 per 
cent or more although, generally 
speaking, this property is not too 
important because most cellular 
materials are used in compression. 


Tear Strength: Fig. 5 shows a 
rather more significant difference 
between rubber and cellular plastic 
materials as found in the property 
of tear resistance. Plastic cellular 
materials are vastly superior in 
tear strength to rubber foam, and 
vinyl foam appears to have the 
highest tear resistance. 








Viny! 
Foom 


Fig. 5—Relative tear resistance of rub- 
ber and cellular plastic materials. The 
plastic foams are greatly superior in tear 
strength to rubber foam. 


Flexing Properties: Ability of a 
cellular material to withstand re- 
peated compression deformation is 
shown in Fig. 6. Softening or com- 
pression loss of the various mate- 
rials is shown for two rates of 
flexing. One is low-speed flexing 
at 1 cps and the other is high- 
speed flexing at 25 cps. Here, the 
picture does not look quite as good 
for the cellular plastic materials. 
Also, significance of the high-speed 
flexing test is not yet clear. High- 
speed flexing data apply only to 
transportation seating, aircraft, 
etc. at this time. Of the cellular 
plastic materials, the polyether 
type urethane is best. 


| oa | 
List = 
Viny! Foam Urethane, Urethane, 
Type Type 2 





Fig. 6—Softening or compression loss of 
plastic and rubber cellular materials. 
Low-speed flexing was carried to 250,000 
cycles at a deflection of 50 per cent of 
the original material height. High-speed 
flexing was carried to 180,000 cycles at 
a 25 per cent deflection. Loss of hard- 
ness was determined after the test at 50 
per cent compression. 


Humid Aging: One special per- 
manence property which has re- 
ceived attention recently is humid- 
aging performance of urethane 
foams. A requirement of any cel- 
lular material is that it age well 
on a long-term basis. Normal heat- 
aging tests which have been ap- 
plied in the past to rubber systems 
show very little with cellular plas- 
tic foams. It has been observed in 
a number of instances that ure- 
thane foams do not stand up very 
well in humid atmospheres. A 
humid-aging test has been devel- 
oped which consists of keeping a 
sample in a warm humid atmos- 
phere to determine whether any 
depolymerization or softening has 
occurred. 

Urethane foams of the polyester 
type do suffer a loss in properties 
when exposed to a warm humid 
atmosphere. The situation is great- 
ly improved with the polyether 
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type of urethane, properly formu- 
lated, and it is generally agreed 
now that these materials will age 
well on a long-term basis. 


Rigid Cellular 
Materials 


Generally important properties 
of rigid foams are listed in Table 1. 
Quite a number of materials qual- 
ify as rigid cellular bodies, but the 
major ones are polystyrene, vinyl 
(frequently of the closed-cell type), 
and polyurethane. The others are 
rather special in their application 
and only limited amounts of them 
have been produced. 

Most of the materials can be 
made in a wide range of densities, 
some of them amazingly low such 
as phenolic or urea formaldehyde 
foams available in densities of less 
than 1 lb per cu ft. Polyethylene is 
at the other end of the density 
scale in a class by itself. Strictly 
speaking, polyethylene is not a 
rigid material. One of the fun- 
damental properties of a rigid 
foam material is compressive 
strength. 

Thermal conductivity of all rigid 
foams is quite low and, in fact, 
approaches quite reasonably the 
thermal conductivity of still, dry 


air. It is for this reason that al- - 


most all of the rigid foam mate- 
rials have been used for insulating 
purposes. There is a great differ- 
ence in heat-distortion points. 
Some foams are distinctly thermo- 
plastic such as polystyrene and 
vinyl, while others could definitely 
be considered as thermoset types 
such as epoxv, ebonite. silicone, 
and phenolic foams. Cellulose ac- 
etate is a somewhat intermediate 
material. It is thermoplastic in 
nature bvt at the same time has 
a very high heat-distortion point. 


With regard to urethane foams, 
the heat distortion point is ap- 
proximately 210 to 250F but, re- 
cently, urethane foam materials 
have been developed which have 
heat-distortion points considerably 
higher. A material known as poly- 
methyl-polyphenol isocyanate is 
claimed to have a distortion point 
of 500 F. 

Amount of water absorption dis- 
tinguishes the closed-cell type from 
the open-cell type of foam, Table 1. 
Some of these foams, especially 
the closed-cell vinyls, are excellent 
for floatation applications. In gen- 
eral, while rigid foams have not 
advanced as rapidly as the flexible 
materials, they have an even great- 
er potential than flexible foams. 
Probably their most promising 
future lies in their use in structur- 
al applications and as core mate- 
rials for sandwich construction. 


Tensile Strength: Relationship 
of tensile strength to density for 
the three major materials is shown 
in Fig. 7. While tensile strength of 
a rigid material is not necessarily 
the most important structural 
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Fig. 7—Relationship of tensile strength 
of rigid foam to density. While not 
necessarily an important property, tensile 
strength is a measure of the strength of 
the polymer used in building the body 
of the cellular plastic material. 


Table 1—Properties of Rigid Foams 





Compressive 
Strength 


Density 


Type : 
(Ib per cu ft) (psi) 


Water 
Absorption 


Thermal Heat 
Conductivity Distortion 


(btu/in./hr/sq ft/F) (F) 





18-140 
115-135 
20-100 


Polystyrene 1.6— 4.5 
Cellulose acetate 6.0- 7.0 
Vinyl 2.0— 5.0 
Urethane 2.0—20.0 
Polyethylene 29 

Silicone 10.0—20.0 100-475 
Phenolic 0.3-14.0 0-500 
Urea formaldehyde 0.75— 1.0 0-5 

Epoxy 2.0-16.0 7-460 
Ebonite-hycar 6.0-—20.0 30—400 
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0.25 155-175 Low 
0.31 350 Low 
0.23-0.25 150 Low 
0.21-0.25 212-250 Moderate 
esecnee ceccees Low 
0.31 500-700 Low 
0.21-0.25 260-350 Moderate 
0.18-0.21 120 High 
Low 
Low 


CELLULAR PLASTICS 
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Fig. 8—Compressive strength or crush 
resistance of rigid cellular plastics. Com- 
pressive strength varies greatly with den- 
sity and is a measure of the ability of 
the material to withstand load to the 
point at which it begins to yield. 


property, it is a measure of 
strength of the polymer used in 
building the cellular body. Ure- 
thane outranks the other materials 
because it maintains its strength 
up to 200 F while vinyl and styrene 
quickly lose theirs. 


Compressive Strength: A more 
fundamental measure of the struc- 
tural properties of a rigid mate- 
rial is its compressive strength or 
crush resistance. Compressive 
strength to failure for styrene, 
urethane, and vinyl foams is shown 
in Fig. 8. In general, the mate- 
rials are in the same order of mag- 
nitude regarding strength. This 
compression strength is a meas- 
ure of the ability of the material 
to support load up to the point at 
which it begins to yield, and varies 
greatly with density. Again, this 
factor depends on temperature and 
is better for thermoset, cross- 
linked materials such as urethane. 


Modulus of Elasticity: Fig. 9 











) 


Fig. 9—Modulus of elasticity of rigid 
foam. This property, together with the 
relatively high compressive strength, 
makes the material suitable for use in 
sandwich structures. 
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probably defines the most impor- 
tant property of a rigid foam ma- 
terial. The modulus of elasticity is 
the property which, together with 
the relatively high compressive 
strength, enables these materials 


to be used in sandwich structures. 
Here, there is somewhat of a dif- 
ference between materials. Styrene 
foam has the highest modulus of 
elasticity and is the most rigid 
foam at room temperature. How- 
ever, while the modulus of elasti- 
city of urethane is lower, it main- 


Types and applications of 


Thermistors 


Thermistors are used in applications where it is desirable to change or 
adjust resistance of an electrical circuit without any moving parts, or 
where it is necessary to control or measure temperature, or counteract 
effects of temperature variations in electrical circuit components. 


THERMISTOR is a resistor 

whose value varies with tem- 
perature in a predetermined man- 
ner. The word “thermistor” is a 
contraction of thermal resistor, a 
term descriptive of thermistor 
characteristics. 

Principal uses and applications 
of thermistors come from their 
large change in resistance with 
very small changes in temperature. 
Resistance of thermistors de- 
creases as their temperature rises 
and increases as it falls. This char- 
acteristic is directly opposite to 
that of ordinary resistors that 
normally have small positive tem- 
perature coefficients. 


Construction: Thermistors are 
made of various mixtures of the 
oxides of manganese, nickel, co- 
balt, copper, uranium, iron, zinc, 
titanium, and magnesium. These 
semiconducting materials are 
mixed in proper proportion to get 
required resistance and tempera- 
ture coefficient of resistance for 
particular applications. 

Mixtures are formed into vari- 
ous shapes and sintered under ac- 
curately controlled atmospheric 
and temperature conditions. The 
finished product is a hard ceramic 
material that may be mounted in 
many ways depending on mechani- 
cal, electrical, and thermal require- 
ments. 

Thermistors have good stability, 
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are mechanically rugged and shock 
resistant, make permanent electri- 
cal contacts, have a wide range of 
resistance, temperature coefficient, 
and power dissipation. They are 
small, compact in size, and have 
unlimited life when operated with- 
in maximum temperature ratings. 
Thermistors have three forms: 
Beads, disks or washers, and rods. 


Bead-Type Thermistors: Bead 
thermistors are small spheres of 
thermistor material that can be 
formed on two parallel platinum 
wires. Spacing of the wires, chemi- 
cal composition of the bead mate- 
rial, and heat treatment of the 
bead element are the principal 
factors which determine electrical 
characteristics of the bead. 

The beads are mounted in vari- 
ous ways for many different ap- 
plications. They may be enclosed 
in very thin glass or mounted in 
gas-filled or vacuum bulbs. Bead- 
type thermistors are used for high- 
frequency power measurement, os- 
cillator amplitude control, and 
flow-rate detection. They are also 
used as the sensing device in meas- 
urement of extremely smail differ- 
ential temperatures. 

Some bead thermistors are in- 
directly heated. These types have 
a more complicated construction. 
The bead is surrounded by, but 
electrically insulated from, a sep- 
arate heater to which power is 


tains its modulus of elasticity 
better at elevated temperatures. 
From a paper entitled “The Prop- 
erties of Cellular Plastic Material,” 
presented before the Cellular Plas- 
tics Division Conference of The 
Society of the Plastics Industry 
Inc., in New York, October 1957. 


applied to heat the thermistor. In 
this manner, the temperature of 
the thermistor and, consequently, 
its resistance, can be changed or 
controlled. 

Bead thermistors can be modified 
to adapt them to widespread uses. 
Because of their small size, they 
are ideal for devices with extreme 
space limitations and for the same 
reason, they respond rapidly to 
very small amounts of power. The 
smallest units have time constants 
in the neighborhood of 1 sec. 


Disk-Type Thermistors: Thin, 
large diameter units have a low 
resistance, short time constant, 
and high power dissipation. Thick, 
small diameter units have high re- 
sistance, long time constant, and 
low power dissipation. The disk 
shape is convenient for units 
placed in close thermal contact 
with flat metal surfaces. 


Rod-Type Thermistors: Rod 
thermistors are made as_ long 
narrow rods of circular cross-sec- 
tion with contacts connected to 
the ends of the rods. These units 
have moderate power dissipation, 
long time-constants, and high re- 
sistance values. 

Besides being used in most of 
the same ways as disks and wash- 
ers, rods are used where high re- 
sistance is a consideration. Ther- 
mistor rods are useful as sensing 
elements, in electronic thermome- 
ters, temperature actuated con- 
trols, and compensators for tem- 
perature effects in electronic cir- 
cuits, and for time delay. 

Electrical resistance of the ther- 
mistor is a function of its absolute 
temperature and, consequently, all 
of its useful characteristics are 
based on the fact that its resist- 
ance will change as its temperature 
changes. Methods of producing 
temperature changes with conse- 
quent resistance changes in ther- 
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Tracer gas is sprayed over the relay enclosure while it is under high vacuum 


STANDARDS THAT DETERMINE RELAY quauity / 


100% leak-free hermetic sealing 


We reject relays with leaks so 
tiny that it would take 30 years 
to admit 1 cubic centimeter 

of air! 


Hermetically sealed relays are safe 
from the dangers of human tamper- 
ing, and from severe conditions of 
dust and dirt, sand, moisture and 
high humidity, fungi, salt spray and 
reduced air pressure. To insure this 
safety, however, sealed relays must 
be absolutely free from leaks. 


AUTOMATIC 


@® 
A member of the General Telephone System 
One of America’s great communications systems 
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That is why, at Automatic Elec- 
tric, every single hermetically sealed 
relay undergoes a sensitive mass 
spectrometer test. This highly re- 
fined method of testing detects leaks 
so tiny that it would take more than 
30 years for one cubic centimeter of 
air to pass through! To protect you, 
we reject “‘leakers’’ able to pass ordi- 
nary immersion tests with ease. 

Thanks to uncommon care like 
this at every step of manufacture, 
Automatic Electric relays are the 
most reliable you can buy. 


ELECTRIC _ 


ey 


NZ 
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Hermetically sealed relays are avail- 
able in many varieties. Write today for 
Catalog 4083 PD. Automatic Electric 
Sales Corporation, Northlake, IIl. 

In Canada: Automatic Electric Sales 
(Canada) Ltd., Toronto. Offices in 
principal cities. 
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mistors may be divided into three 
major groups: Thermal, electrical, 
and physical. 


Thermal Control: When a ther- 
mistor is used in an electrical cir- 
cuit in such a way that power dis- 
sipated in the thermistor is insuf- 
ficient to heat the thermistor above 
its surrounding temperature, the 
temperature of the thermistor will 
be the same as ambient tempera- 
ture. 

Under these circumstances, re- 
sistance of the thermistor becomes 
a function of ambient temperature 
and, therefore, can be used to 
measure variations in ambient tem- 
perature. This characteristic 
makes the thermistor useful for 
temperature measurement, tem- 
perature control, and temperature 
compensation. 

By connecting a thermistor to a 
fairly simple resistance measuring 
device, temperatures may be meas- 
ured easily to a precision of a 
thuusandth of a degree. By using 
thermistors with suitable  elec- 
tronic equipment, temperatures 
may be controlled with even great- 
er precision. 

Thermistors may also be used 
to counteract effects of tempera- 
ture variations in other electrical 


circuit components such as meters 
of conductors with positive tem- 
perature coefficients of resistance. 


Electrical Control: Thermistors 
may be connected into electric cir- 
cuits in such a way that power dis- 
sipated in the thermistor heats the 
thermistor appreciably above am- 
bient temperature. To get this dis- 
sipation of power, heat produced 
in the thermistor itself may be 
used, or heat may be produced by 
a small heater coil very closely 
associated with the thermistor. 

Under these circumstances, re- 
sistance of the thermistor is a 
function of power dissipated in the 
thermistor or in its electrical 
heater. 

When power is applied to a ther- 
mistor, there is some lag between 
application of power and heating 
of the thermistor to its final tem- 
perature. Length of the time lag 
is a function of the thermal mass 
of the thermistor and its associ- 
ated heater. 

A bead thermistor that has ex- 
tremely small thermal mass will 
react very rapidly and may give 
time delays of a small fraction of 
a second. With larger thermistors, 
time delays of the order of min- 
utes are also feasible. 

There are many applications for 
thermistors that put these resist- 


Welding and brazing of 


Precipitation-Hardening 


VV ELDING and brazing of PH 

steels differ from the ordi- 
nary 400 series stainless steels in 
that they can be joined in the 
austenitic condition where suscep- 
tibility to cracking is decreased. 
Categorically, it appears that AM 
350, AM 355, and Armco 17-7 PH 
stainless steels should be fusion 
welded in the annealed condition, 
followed by heat treating opera- 
tions in order to achieve maximum 
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By F. K. LAMPSON 
Marquardt Aircraft Co. 
Van Nuys, Calif. 


weld efficiency. For tungsten inert 
gas arc processes, which are ideal- 
ly suited for these materials, 
filler metal should be of the same 
nominal composition as the base 
metal. In cases where the mate- 
rial may be required to be welded 
in the hardened condition, or where 
the strength of the weldment is 
secondary, it is permissible to fu- 
sion weld these materials using 
filler metal of the same type used 


ance-temperature characteristics to 
use, such as constant voltage con- 
trols, constant current controls, 
power level and gain controls in 
amplifiers, surge suppression, over- 
load protection, and time delay. 


Control of Physical Conditions: 
When a thermistor is used in a 
circuit in which the thermistor is 
heated above its ambient tempera- 
ture, the temperature to which the 
thermistor is raised is a function 
of a construction of the thermistor 
and its surroundings. 

Changes in environment produce 
changes in the temperature and 
consequently in the resistance of 
the thermistor. This characteristic 
makes it possible to measure 
changes in environment by means 
of the resistance of the thermistor. 

For example, a thermistor elec- 
trically heated in still air will 
reach a much higher temperature 
than when it is similarly heated in 
moving air. Useful applications 
for thermistors that make use of 
this characteristic include meas- 
urement of gas composition by 
thermal conductivity, measurement 
and control of flow rate of liquids 
or gases, and measurement and 
control of pressure and liquid level. 

From “Types and Uses of Ther- 
mistors,’ in Bureau of Ships Jour- 
nal, Vol. 6, No. 6, October, 1957. 


for welding austenitic stainless 


steels. 


Aluminum Oxidation: One prob- 
lem which is inherent with the 17-7 
PH grade is that of the danger of 
loss of aluminum by oxidation dur- 
ing the welding process. The prob- 
lem of aluminum oxidation is de- 
creased in the tungsten inert gas 
welding process by using slightly 
higher argon gas coverage than 
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NEW REULAND 
FOOT-MOUNTED MAGNETIC 
BRAKE (DISC TYPE 

... COMPLETE with 
SHAFT and BEARINGS 


First and Only Disc-Type Brake to fulfill 
J. I. ad Specifications The efficient, direct-action 


operating advantages of the Reuland disc type magnetic 
brake are now available for the first time in this self- 
contained unit. Being foot-mounted, it can easily be 
coupled to existing motor or equipment shafts in accord- 
ance with J.I.C. specifications. As a standard unit it also 
can be purchased “off the shelf” by O.E.M’s or added to 
equipment at any time by users. Available with either 
single or double end shaft. 


Also available without shaft reutand disc 
type magnetic brakes are also supplied for applications 
where the motor or equipment shaft can be extended 
directly into the brake. These units are available in both 
foot-mounted and endbell mounting types. Together with 
the completely self-contained unit described above, these 


h k h “= brakes provide low cost, compact size and efficient operat- 
C ec t ese in ing features that are unequaled. 


Shaft can be extended entirely through brake, when 


added features j | | Reuland Brakes provide great versatility 


u | desired. Also, hook-ups with Reuland Fluid-Shaft motors 
Automatic lining wear ie ee j - and Motoreducers permit many J.I.C. and other unique 
adjustment ™ power and braking combinations...combinations that 


Manual release with automatic can be tailored to your exact drive requirements without 


reset 


Direct action — : « Other Reuland Firsts 


no levers or linkage 


huge, special development costs. 


. Motor with internal fluid coupling 

. Spline coupled hydraulic pump motor 

- . All-aluminum motor frames 

One-half usual length — taal . “Xpandable” motor design 

mer — . Slip Ring Motors in small +66 frames 
+~+—— . “Through-Shaft” magnetic disc brakes 

Cutaway view of endbell mounting type . Precision motors for machine tools 


One-piece, totally enclosed 
housing 


Special-Motor Librar = <a 

KY: these other ’ . — Standard Motor Catalog 
Don’t ever pay for special-motor develop- 

REULAND ment costs before you check this free Contains engineering information on Reu 

: library. Contains valuable data on hun my . land's complete line of standard motors 


| C FE S dreds of unique specially designed motors = - and motoreducers. Sent free on request. 
S E RV eee Send for free “how to use” booklet. -- — 


REULAND ELECTRIC COMPANY 

Western Division: Alhambra, California 

Eastern Division: Howell, Michigan 
Distributors in all principal cities 
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normally used for austenitic stain- 
less steels. Argon gas provides a 
protective gas coverage which pre- 
vents oxygen in the air from com- 
ing in contact with the aluminum 
of the steel. Metallic arc welding 
of 17-7 PH is normally accom- 
plished using flux-covered elec- 
trodes of 17-4 PH composition. 
Metallic are electrodes to 17-7 PH 
composition are not normally man- 
ufactured because the flux coating 
does not provide sufficient protec- 
tion to prevent oxidation of the 
aluminum content. 


Welding A-286 Alloy: Fusion 
welding of A-286 alloy should be 
performed upon material in the 
annealed, or solution treated, con- 
dition, since this alloy is very sus- 
ceptible to cracking during welding 
in the fully aged condition. Con- 
siderable success has been achieved 
using filler metal with Hastelloy 
W (Ni-base Cr-Mo) composition 
where the technique is adjusted to 
require favored dilution of the base 
metal. Several large consumers of 
this material have reported con- 
siderable success using filler metal 
to the base metal composition, a 
situation which is to be preferred 
where the part is to be heat treated 
after welding. 


Brazing: Brazing of 17-7 PH 
steels with brazing materials of 
the silver-manganese type has been 
widely accepted, primarily in the 
fabrication of honeycomb panels 
and structures. It has been report- 
ed, however, that silver-manganese 
brazed joints are subject to crevice- 
corrosion. Additions to the com- 
position of such elements as lithium 
and/or niekel have been attemnted 


How to develop 


DESIGN, as _ initially con- 
ceived and released from the 
drawing board, has the capabil- 
ity of eventually reaching some 
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with varying degrees of success. 
Brazing cycies are normaily co- 
ordinated with the ‘‘doubie aging” 
type of heat treatment, with the 
result that this material provides 
the ultimate in high strength, low 
density structures for use up to 
800 to 1000 F’, depending upon time 
of exposure. Here again, however, 
aluminum presents problems with 
regard to oxidation, with the re- 
sult that brazing operations are 
carried out in dry hydrogen atmos- 
pheres. There have been cases re- 
oorted where the brazed assembly 
was covered with a white powder 
after the brazing cycle, with the 
white residue being identified as 
aluminum oxide. This condition in- 
dicated that the aluminum content 
of the base metal has been de- 
pleted, a condition which is dan- 
gerous because the austenite be- 
comes stable and full response to 
heat treatment is not realized and 
results in a weakened structure. 
It is believed that dry hydrogen 
atmosphere with dew points lower 
than —50F are required to pre- 
vent oxidation of aluminum dur- 
ing brazing. 

There has been very little pro- 
duction brazing of AM 350 and 355 
steels, but the composition indicates 
that little difficulty would be en- 
countered using conventional braz- 
ing filler materials. This has been 
verified by several of the large 
airframe manufacturers. 


Brazing A-286 Alloy: Nickel al- 
loy brazing of A-286 alloy presents 
many problems due to the presence 
of aluminum and titanium. These 
elements are not reduced by hy- 
drogen, with the result that nor- 
mal brazing techniques nerformed 
in a dry hvdroven atmosnhere are 
not suffic'ent to aciev> renroduci- 


Boeing Airplane Co. 
Seattle, Wash. 


maximum value of reliability that 
might be described as its poten- 
tial reliability. It is the reliability 
that is expected from this design 


bly satisfactory bonds. To support 
the theory that it is the presence 
or titanium and aiuminum tnat cre- 
ates the difficuity when brazing A- 
286 material, it has been shown 
that as-forged parts, with one sur- 
face finish machined, have been 
found to bond perfectly along the 
as-torged surfaces but not along 
the machined surfaces. It is be- 
lieved that aluminum and titanium, 
which are easily oxidized, are de- 
pleted from the as-forged surface, 
a condition which results in satis- 
factory bonding due to the in- 
creased wettability of the nickel 
alloy brazing alloy and the base 
metal. 

The following procedure for 
nickel alloy brazing has_ been 
found to work very well: 


1. Subject the part to brazing tem- 
perature and atmosphere in the 
absence of braze filler metal. 

. Vapor blast the parts. 

. Braze at 1950 F using AMS 4778 
filler metal with a dew point of 
—60 F or better. 


The vapor blasting operation, which 
removes the surface layer of ti- 
tanium and aluminum leaves a sur- 
face which is metallurgically clean 
to the brazing filler metal. Re- 
course to AMS 4778 filler metal 
in lieu of the more familiar AMS 
4775 filler metal is required for 
particular operations but AMS 4777 
has been found to work very well. 
Both AMS 4777 and 4778 appear 
to have greater wettability than 
AMS 4775 material, and are con- 
sidered better for the brazing of 
A-286 alloy material. 

From a paper entitled “Metal- 
lurgical Design Considerations for 
Precipitation Hardening Steels up 
to 1200 F,” presented at the SAE 
National Aeronautic Meeting in 
Los Ange'es, Calif., October 1957. 


Maximum Reliability of a Design 


By G. S. SCHAIRER and H. S. CLAYMAN 


after components and systems have 
become fully developed. Despite 
the best efforts, initial reliability 
will normally be subject to im- 
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ONE OF THE GARLOCK 2 000 
: ’ 


Model 47J Bell Helicopter 


Garlock K.Lozures* Specified on 


Bell Helicopters for10O years 


Since 1947 Bell Helicopter Corporation engineers have consistently specified Garlock KLozuRE 
Oil Seals for twelve different sealing functions. These KLozures serve in both low speed and high 
speed capacities contributing in no small measure to the outstanding performance and leadership 
of Bell Helicopters in that industry. Bell reports these seals have a minimum satisfactory life 
exceeding the required 600 hour overhaul. 

The standard sealing element in a Garlock KLozure Oil Seal is a unique synthetic material 
molded to very accurate dimensions. It is non-abrasive, free-running; resistant to oil, grease, heat, 
and cold; impervious to water, mild acids, and alkalies. It is also extremely durable and resilient. 
For unusual service requirements sealing elements made of silicone rubber for temperature 
extremes or Teflon for resisting strong acids and other chemicals can be obtained. 

\ long list of satisfied users is added assurance that Garlock KLozures provide trouble-free 
bearing protection . . . sealing-in lubricants . . . sealing out abrasive dust and dirt. If you have a 
sealing problem, why not ask your Garlock representative for his recommendation from “The 
Garlock 2,000” . . . two thousand different styles of packings, gaskets, and seals for every need. 
The only complete line in the industry. 


* Registered Trade Mark 


THE GARLOCK PACKING COMPANY, Palmyra, New York 


For Prompt Service, contact one of our 30 sales offices and warehouses throughout the U.S. and Canada. 


Cross-section of Model 51 Garlock 
KLOZURE Oil Seal designed for 
medium-speed rotary service and 
low pressure reciprocating. serv- 
ice. This seal is used in the Trans- 
mission Assembly and in the Tail 
Rotor Gear Box of the 47J Bell 
Helicopter. 


WRITE on company letterhead for 
new KLOZURE Catalog 20. 79 
pages of helpful information on 
oil and grease seals for bearings. 
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provement. With test and opera- 
tional experience, changes can be 
introduced that allow the relia- 
bility potential of the design to be 
reached. The important point is 
that the potential reliability de- 
pends principally upon decisions 
made during initial design. 

The designer faces the combined 
problem of making a design with 
high potential reliability and then 
conducting the subsequent design 
refinement program so that the re- 
liability potential is realized as 
soon as possible, preferably before 
the customer becomes too deeply 
involved. This process of improve- 
ment from initial reliability to po- 
tential reliability is primarily ac- 
complished by a feedback of oper- 
ating experience and a follow-up 
with corrective actions. Correc- 
tive actions will result in design 
changes, retrofit modifications, and 
in modified operation and mainte- 
nance practices. 

Design steps necessary to 
achieve a reliable product are: 


. Define reliability problem. 

2. Define reliability terminology. 

. Establish reliability goals. 

. Assign responsibility. 

. Analyze reliability problems. 

. Accomplish laboratory tests to 
obtain design data. 

. Accomplish design and reliability 
analysis. 

. Carry out laboratory qualifica- 
tion tests. 

. Set up failure-data feedback 
programs. 

. Carry out follow-up actions. 

. Measure and evaluate overall 
product reliability. 


Defining Reliability: Design ac- 
tions must be implemented to es- 
tablish reliability requirements of 
both the initial design and subse- 
quent follow-up. Although it will be 
extremely difficult to tie the prob- 
lem down, it is most important that 
this be done by establishing work- 
ing definitions of what is meant 
by reliability, by evolving a stand- 
ard terminology and by the estab- 
lishment of reliability goals. It is 
necessary that this be accomplished 
in terms suitable for the design ob- 
jectives and subsequent quantita- 
tive and qualitative performance 
evaluation. To the maximum extent 
possible, the problem must be de- 
fined and measured. 
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Establishing Responsibility: To 
obtain better reliability, not only 
must the reliability goals be es- 
tablished, but responsibility and 
authority for reaching these goals 
must be clearly assigned. This must 
include responsibility for an analy- 
sis to indicate that the design 
meets the intended goals to the 
best extent that it can be predicted. 
Analysis and design will frequent- 
ly be the responsibility of two dif- 
ferent groups as is the case in 
stress analysis which is normally 
not accomplished by design groups. 
A stress analysis usually concen- 
trates on safety aspects but can 
be expanded rather readily in many 
areas to encompass other reliabili- 
ty considerations. Similar analysis 
reports should be prepared for all 
important elements affecting re- 
liability. 


Analyzing Reliability: An analy- 
sis on each subsystem of the de- 
sign might contain a performance 
analysis detailing exactly what the 
system is expected to do, a failure 
analysis which considers ramifica- 
tions of the fe‘'ure of each indi- 
vidual component and categorizes 
each failure, and a_ probability 
analysis detailing probability of 
failure of each component utiliz- 
ing the best available substantiat- 
ing data. The report should give 
special consideration to multiple 
failures and any single failures 
which will result in a safety prob- 
lem. 


Qualification Tests: Formal qual- 
ification testing, distinct from the 
experimental nature of laboratory 
testing, is very important to the 
overall reliability program. The 
tests must be realistic and severe 
enough to simulate the range of ex- 
pected practical operation. The 
testing must be accompanied by a 
complete recording of all difficul- 
ties. There must be a mandatory 
requirement for design correction 
of each new difficulty when it 
shows up for the first time. 

Although qualification testing is 
important, it must be remembered 
that having one piece of equip- 
ment pass a test does not neces- 
sarily mean that the performance 
of large numbers of these items 
in the field will be equally satis- 
factory for either short or long 
periods of time. Testing should 


simulate the customer’s operation 
as closely as possible and equip- 
ment should not be protected un- 
duly from hazards of normal op- 
eration. Steps must be taken to 
insure that workable operation and 
maintenance procedures are estab- 
lished during the program. Acceler- 
ated testing should be conducted 
by the manufacturer and customer 
at the earliest possible time. 


Failure-Data Feedback: Malfunc- 
tion reporting generally provides 
a statistical summary and a basis 
for corrective action. A statistical 
summary of all failures is neces- 
sary for a perspective as to which 
failures are more frequent, which 
failures are increasing in frequen- 
cy, and also to correlate contribut- 
ing factors. Not all corrective ac- 
tions can be given equal priority. 
High risk and high-cost items must 
receive first attention. Statistical 
data are necessary from the begin- 
ning and will materially assist in 
determining where emphasis must 
be placed. 

Statistical data alone, however, 
accomplishes nothing with respect 
to eliminating failure causes. Data 
must be sufficiently detailed and 
descriptive to permit the designer 
to ascertain the nature of the fail- 
ure and to enable him to initiate 
corrective action. The man in the 
field should assume that each new 
difficulty, regardless of how small, 
is the first encounter of a prob- 
lem which he will see many times. 


Follow-up Action: These actions 
will be of many types ranging from 
design changes through inspection 
procedures to operating and main- 
tenance actions. An improvement 
in the next component to come 
off the production line is not the 
complete solution to the follow-up 
problem. Parts already in the field 
must be given equal consideration. 
Often the designer is so isolated 
from the operator that he feels 
the probiem is solved with a change 
of parts being built. The designer 
must assume the responsibility for 
planning the reliability improve- 
ment program and must include 
in his planning consideration of 
parts long since delivered. 

From a paper entitled “Design 
for Reliability,’ presented at the 
SAE National Aeronautic Meeting 
in Los Angeles, October, 1957. 


Circle 490 on Page 19> 





IN ELECTRICWARE, TOO, e There are so many advantages 


to stainless electricware it’s no 
surprise that sales are skyrocketing. 


e Homemakers like the natural beauty 
of stainless — the way it easily 
STANDS OUT absorbs the punishment of everyday 
use and stays forever new 


with a minimum of care. 

e@ Sharon’s thorough knowledge of 
the utensil industry, the ability 

to produce specification steels of 
consistent uniformity, plus the finest 
finishes in the industry are reasons 
why so many of the nation’s leading 
electricware manufacturers specify 
Sharon Quality Stainless Steels. 


For 56 Years 
SHARONSTEEL a Quality Name 


in Steel 


SHARON STEEL CORPORATION, SHARON, PENNA. 


. ae ‘ 
CHICAGO, CINCINNATI, CLEVELAND, DAYTON, DETROIT, GRAND RAPIDS, INDIANAPOLIS, LOS ANGELES, MILWAUKEE, NEW YORK, PHILADELPHIA, ROCHESTER, SAN FRANCISCO, SHARON, MONTREAL, TORONTO 
ve 
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Coordinate Cathetometer 


Details of the new _ coordinate 
cathetometer are presented in Bulle- 
tin 194-57. This optical measuring 
instrument makes vertical and hori- 
zontal measurements and is suited 
for layout, inspection, research, and 
quality control operations. 2 pages. 
Gaertner Scientific Corp. 

Circle 651 on Page 19 


Tube & Bar Stock 


Detailed information on standard 
bar and tube stock offered in GC 
Meehanite Metal, GA Meehanite Met- 
al, and Type No. i Ni-Resist is pre- 
sented in Bulletin 156. These cen- 
trifugally cast bars and tubes are 
suited for making bearings, bushings, 
gears, liners, pump and valve parts, 
pistons, sleeves, sprockets, and other 
items. 6 pages. Shenango Furnace 
Co., Centrifugally Cast Products Div. 

Circle 652 on Page 19 


Nonferrous Castings 


Physical properties and conforming 
specifications for magnesium and 
aluminum alloys are tabulated in 
Catalog 57. Listings include alloys 
for sand castings, permanent mold 
castings, and rare earth alloys. 24 
pages. Wellman Bronze & Aluminum 
Co. 

Circle 653 on Page 19 


Sprocket Chain 


Usable for low-torque drives, man- 
ual controls, timing elements, and 
other applications, precision sprocket 
chain described in illustrated bulletin 
is of controlled-pitch, miniature type. 
Sizes range from 78% to 34 links 
to the foot in 21 to 14-gage wire, 
ae tail 4 pages. Hodell Chain 

0. 
Circle 654 on Page 19 
Regulator Valves 


How to size OPW-Jordan sliding- 
gate regulator valves and how to ad- 
just sizing for variations in pressure, 
temperature, viscosity, specific grav- 
ity, and other variables is explained 
in Bulletin J-SC. Charts cover steam, 
liquid, and gas services. 4 pages. 
Jordan Corp. 


Circle 655 on Page 19 
Stainless Steels 


Strength factors, physical proper- 
ties, chemical composition, typical ap- 
plications, and thermal treatment for 
a series of stainless steels are given 
in illustrated brochure. Thirteen 
steels for diversified uses are covered. 
32 pages. Sharon Steel Corp. 

Circle 656 on Page 19 


Relay 

Features of Class E miniaturized 
telephone style relay are outlined and 
its specifications are given in “Relay 
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Highlights No. 14.” Forms of stand- 
ard contact springs are shown. Oper- 
ation is on up to 150-v de or 220-v ac. 
2 pages. Automatic Electric Sales 
Corp. 

Circle 657 on Page 19 
Lubricator 


Description and details of operating 
mechanism of a lubricator actuated 
by a machine’s hydraulic cycle is 
found in illustrated Bulletin TR-57C. 
The Cyclic Y unit operates on line 
pressures from 500 to 3000 psi. 2 
pages. Bijur Lubricating Corp. 

Circle 658 on Page 19 


Heat Treating Steels 


Data on heat treatment of Croloy 
2% alloy steels, Grades T22 and P22, 
are content of Alloy Sales Letter 
289M. Covered are mechanical prop- 
erties, isothermal transformation 
characteristics, and TTT diagram. 4 
pages. Babcock & Wilcox Co. 

Circle 659 on Page 19 


Ceramic Seal Material 


Ceramicite C-100, a high tempera- 
ture ceramic material for hermetic 
seal applications is subject of data 
sheets. It bonds physically with stain- 
less steel and is available in preforms 
and completed seals. Technical de- 
tails are given. 4 pages. Consoli- 
dated Electrodynamics Corp. 

Circle 660 on Page 19 


Hard-Facing Alloys 


Chemica] composition, properties, 
typical applications, and application 
procedures for 11 Haynes hard-facing 
alloys are covered in booklet “Haynes 
Hard-facing Alloys—Bare Rods, Pow- 
der, Crushed Particles.” Iron, co- 
balt, and nickel base alloys and cast 
tungsten carbide are included. 8 
pages. Haynes Stellite Co. 

Circle 661 on Page 19 


Engines & Power Units 


Horsepower and speed ratings of 
Golden Power line of engines and 
power units are content of Bulletin 
1034C. Included are LP gas, natural 
gas, gasoline, and diesel units. Maxi- 
mum brake horsepower at certain in- 
dicated speeds is given. 4 pages. 
Minneapolis-Moline Co. 


Circle 662 on Page 19 


Arbors & Chucks 


Data for selection of interchange- 
able extension arbors and tapered 
shank collet chucks for internal 
grinding and milling spindles are 
found in illustrated Bulletin WA-10. 
Covered are 250 styles and sizes of 
arbors. Also described are self-remov- 
ing wheel holders for various types of 
grinders. 30 pages. Pope Machinery 
Corp. 

Circle 663 on Page 19 


Resolver 


Tuned impedance of 10,000 ohms 
which permits operation over a wide 
voltage range is feature of Size 15 
resolver. Described in illustrated Bul- 
letin 438, it has an accuracy within 
+0.1 per cent from —55° to 85°C. 
Characteristics are given. 2 pages. 
Norden-Ketay Corp. 

Circle 664 on Page 19 
High Pressure Valve 

Engineering drawings and engi- 
neering information on the Cash 
Standard Type 505 high pressure con- 
trol valve are included in bulletin. 
Designed for 10,000-psi service, it pro- 
vides close control of gases and li- 
quids. Specifications of available 
types are given. A. W. Cash Co. 

Circle 665 on Page 19 


Centrifugal Fans 


Engineering data on BC airfoil cen- 
trifugal fans are available in illus- 
strated Bulletin 257. Construction de- 
tails, capacity tables, dimensional 
drawings, and suggested application 
arrangements are among contents. 32 
pages. Ilg Electric Ventilating Co. 

Circle 666 on Page 19 


Silicone Rubber Sheets 


Properties of 50, 60, and 70 du- 
rometer hardness. silicone rubber 
sheets and fabric-reinforced silicone 
rubber sheets are detailed on Bulle- 
tin SR-57. They are suited for appli- 
cations from —85 to 500° F. 2 pages. 
Connecticut Hard Rubber Co. 

Circle 667 on Page 19 


Fasteners & Small Parts 


Illustrated Catalog 106 covers de- 
sign and use of such cold heated 
specialties as rivets, nails, screws, 
and other fasteners and small parts. 
Data includes cost and design ad- 
vantages and manufacturing possi- 
bilities, plus information on metals 
and finishes. 16 pages. John Hassall, 
Inc. 

Circle 668 on Page 19 


Aircraft Hose Assembly 


Springfield 120 Teflon aircraft hose 
assembly with Titeflex reusable fit- 
tings is described in illustrated avia- 
tion catalog supplement. Aircraft 
hose offers chemical resistance, in- 
ertness, and thermal stability. Speci- 
fications are given. 4 pages. Tite- 
flex, Inc. 

Circle 669 on Page 19 
O-Rings 

Range of industrial O-rings in 
standard sizes and compounds is de- 
scribed in illustrated Bulletin OR-57. 
It lists standard O-rings keyed to an 
SAE uniform numbering’ system. 
Compounds formulated for a broad 
range of uses, hardness ratings, and 
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BEARING TIPS by McGill 





To pack more performance in smaller space 


2 Use space-saving MSGILL GUIDEROL needle bearings 


The McGill GUIDEROL Bearing 
combines the inherent high-load 
capacity of a full complement of 
full race width rollers with a cen- 
ter roller guiding principle that 
limits skewing and binding under 
misalignment. This qualifies the 
bearing for a whole range of ap- 
plications that are too heavily 
loaded for a retainer-type bearing 
and are subject to the misalign- 
ment that precludes use of an or- 
dinary needle bearing. For out- 
standing performance in small 
radial space, use GUIDEROL pre- 
cision needle bearings. Specify the 
interchangeable sealed SGR series 
for added protection against con- 
tamination. 


BALL BEARING 


Showing graphically how a McGill GUIDEROL 
precision Bm» bearing permits more streamlined de- 
signing by supporting comparative loads in signifi- 
cantly smaller radial space than other types of bear- 
ings. Bulky and more costly housing space is easily 
avoided. 





GUIDEROL bearing capacity, space 
economy proved in power shovel | 
vertical reversing shaft assembly | 


Baldwin - Lima - Hamilton Corp. 
uses a McGill GUIDEROL bear- 
ing, on 14 cubic yard power 



































shovels, to carry spur pinion loads 
in the vertical reversing shaft. The 
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: Insure performance with MSGI L 
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high capacity of the bearing in | 
small radial space is an important | 
factor in selection of this bearing. | 
Only 3.75” in diameter, it has a 
load capacity of 28,560 Ibs. at 100 
rpm. In the power shovel applica- 
tion, it supports 14,150 Ibs. at 76.3 
rpm, which gives a high margin 
of safety. The center guided roll- 
ers also are especially adaptable to 
a vertical application such as this. 


Fact-packed Bearing Catalog 


Write for your copy 
of Catalog #52-A, 
a 128 page Bearing 
Selection Guide. It 
contains vital prod- 
uct information and 
30 pages of en- 
gineering data. 





Multiple spindle drill 
heads require support 
of spindles on very 
close centers 


Crowding a great number of drill 
spindles into a small area, Zagar, 
Inc., of Cleveland has found the 
McGill GUIDEROL bearing con- 
struction especially suited to the 
needs of multiple drill head units. 
The full bearing width rollers pro- 
vide rigidity and more than ade- 
quate load capacity and in a bear- 
ing only 1.25” in bore diameter. 


hy MULTIROL GUIDEROL camrou 


Precision Needle Bearings 


200 N. LAFAYETTE ST., VALPARAISO, INDIANA 
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BEAVER 
BALL SCREWS 


Successor to the Acme 
screw drive and preferred 
in many applications to 
hydraulic and pneumatic 
systems. Guaranteed 90% 
efficient in converting ro- 
tary twist to linear push 
(or vice versa). Employs a 
stream of precision balls 
‘and ground lead to elimi- 
nate drag and wear in 
delicate. instruments, air- 
craft, machine tools, mas- 
sive wind tunnel jacks, etc. 
For horizontal and vertical 
actions, ‘indexing, inching 
and traversing. Consul- 
tation and engineering 
service available. Write 
for literature. 


i 

be -10 I=) 
Drecision 
{ Droducts 


f INC. 
a CLAWSON, MICH. 
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EXTREME ACCURATE POSITIONING 


TRAVEL 


fe) 


RAPID START ANY DIAMETER 


NO BACKLASH 


Helpful Literature 





other data are covered. 8 pages. Chi- 
cago Rawhide Mfg. Co. 
Circle 670 on Page 19 


Interval Timers 
Hermetically sealed series of pre- 
cision interval timers described and 
illustrated in Bulletin AWH RC-300 
are available with either chronomet- 
rically governed dec motors or syn- 
chronous ac motors. Overall ranges 
in excess of 30 to 1 can be supplied. 
2 pages. A. W. Haydon Co. 
Circle 671 on Page 19 


Electronics Facilities 


Detailed facts and figures on com- 
pany’s electronics “Engineering and 
Production Capabilities” are pub- 
lished in this illustrated brochure. 
Wide variety of equipment and facili- 
ties is listed, and special abilities are 
covered. 12 pages. Lear, Inc., Learcal 
Div. 

Circle 672 on Page 19 


Beryllium Oxide 


High thermal conductivity, electric 
resistivity, and dielectric strength 
are combined in beryllium oxide, sub- 
ject of descriptive technical bulletin. 
Properties of the refractory oxide are 
discussed, as are beryllium oxide 
powder, crucibles, crucible wash, and 
shapes. 8 pages. Beryllium Corp. 

Circle 673 on Page 19 


Electronic Connectors 


First issue of “Electronic Connec- 
tor’ presents recent developments 
and designs in electronic connectors 
and components. Covered are high 
voltage-high corona level, high tem- 
perature-high altitude, triaxial cable, 
and other types of connectors. Those 
interested will be added to the mail- 
ing list. 4 pages. H. H. Buggie, Inc. 

Circle 674 on Page 19 


Solenoid Valves 


Condensed data on two, three and 
four-way; corrosion resistant; man- 
ual reset; and special purpose solen- 
oid valves, as well as on such electro- 
magnetic controls as automatic 
transfer switches, remote control 
switches, contactors, solenoids, and 
electric plant controls are contained 
in Form VS-51. 4 pages. Automatic 
Switch Co. 

Circle 675 on Page 19 


Silicone Molding Compounds 


Discussed in Bulletin 7-603 are the 
low thermal conductivity, superior 
electrical properties, and high tem- 
perature strength-to-weight ratio of 
silicone molding compounds. Charts, 
graphs, and field examples amplify 
the text. 4 pages. Dow Corning Corp. 

Circle 676 on Page 19 


Differential Analyzer 


Described in Form 3005-7 is the 
model 695 single-channel differential 
analyzer for separating groups of 
pulses of varying amplitudes. 2 pages. 
Victoreen Instrument Co. 

Circle 677 on Page 19 


Hose Assemblies 

Engineering and design informa- 
tion on fluorocarbon flexible hose and 
hose assemblies for use in missiles 





BROAD 
APPLICATION / 


The Same 


' Beaver Ball Screws Used 


Extensively in the Ships 
You Ride Offer Better 
Control in Machine 
Tools Too! 


This Bridgeport milling machine 
with DIGIMATIC tape control 
system by Electronic Control 
Systems, Inc., employs Beaver 
Ball Screws for activating the 
table in 3 dimensions. Beavers 
were selected for this job for 


‘their accurate positioning, 


speed, control, high efficiency 
and virtual freedom from back- 
lash. We have worked with 
many machine tool builders in 
automating their equipment. 
May we help you, too? 


i 
Seaver 

Orecision 
{ Droduct 


é INC. 
a CLAWSON, MICH. 
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all the EXTRAS 


are standard with 


Spicamaker 


CYLINDERS 


@ NEW exclusive ingenious cushion de- 
signs . . . Super Cushion Flexible 
Seals for Air . . . New Self-Aligning 
Master Cushion for Oil. 


@ STRONGER than outmoded tie rod de- 
sign, proven through actual tests. No 
tie rods to stretch. 


@SOLID STEEL HEADS throughout the 
full line. 


@ COMPACT DESIGN eliminates tie rods, 
increasing the strength and reduc- 
ing mounting space required, pro- 
viding extra room for adjacent equip- 
ment. 


@ HARD CHROME PLATED body bores 
and piston rods... assure you of 
long trouble-free service. (Standard 
at no extra cost.) 


@ METALLIC ROD SCRAPER, not just a 
wiper, actually removes foreign mat- 


Member of ter from the rod. 
em ro 


the National Ee @ PILOTED PACKING GLAND with ex- 
Fluid Power | ‘ | tra long bearing. Additional strength 
Association 7 and support to the piston rod. 


i Es DELIVERY 


OFF THE SHELF! 


You save 40 % space when you switch from out- 
moded tie rod cylinders to the T-J Space- 
maker! It’s stronger, too! Fits right into auto- 
mation programs in countless plants. Delivers 
top performance and dependability with a big 
plus in advanced features. Wide range of styles, 
capacities . . . reduces man-hours and costs in 
all kinds of push-pull-lift operations. Off-shelf 
delivery in 64,000 combinations! 


@ OL pressure to 750 p.s.i. AIR to 200 
p.s.i. 





o]O OKC i \ NEW LITERATURE—Send today for new 
S | A ‘ , Catalog SM56 with complete engineering de- 


(e) 





o|o-—o} ig tails on Spacemaker line. Write The Tomkins- 
SQUARE HEADS WITH TIE ROOS 3 on Johnson Co., Jackson, Mich. 


OOo = <2? TOMKINS-JOHNSON 


T-J SPACEMAKER provides additional room for 
adjacent equipment without sacrificing strength 


a 








RIVITORS.. AIR AND HYORAULIC-CYLINDERS. CUTTERS 
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and aircraft are presented in illus- 
trated “Aircraft Plumbing Hand- 
book.” Hose and fittings for high 
temperature and corrosive applica- 
tions are described. 64 pages. Re- 
sistoflex Corp. 
Circle 678 on Page 19 ‘ 


Terminals & Connectors 


Catalog Section PG is devoted to 
details of the new Plasti-Grip line 1 
of terminals and connectors for pre i 
insulated, solderless terminations at :: 
minimum costs. Types and sizes for 
No. 10 to 24 wires, as well as appli- 
cation tools and procedures are cov- 
ered. 20 pages. Aircraft-Marine Prod- 
ucts, Inc. 

Circle 679 on Page 19 


Sheet Packing 


Uses, properties, and other infor- 
mation on sheet packings for han- 
dling liquids, gases, and abrasives are 
detailed in Catalog Section 5000. 
Sheeting is also adaptable for mat- 
ting, padding, and bumper service. 
4 pages. B. F. Goodrich Industrial 
Products Co. 


Circle 680 on Page 19 


Flow Regulators 


Diagrams and charts in illustrated 
brochure “High Performance Flow 
Regulators for Airborne Equipment” 
explain the principle of operation of 
the devices. How they may be used 
in aircraft, missiles, rockets or any 
product is graphically shown. Specifi- 
cations are given. 8 pages. Water- 
man Engineering Co. 

Circle 681 on Page 19 


Frequency Analysis 


Technical notes on the applications 
of Panoramic techniques in the solu- 
tion of measurement problems are 
cited in series of bulletins entitled 
“The Panoramic Analyzer.” Actual 
case histories will be presented, and 
the function and uses of various in- 








This Gray Iron ma- 








chine base saved 50% | struments will be discussed. 4 pages. 
With today’s new ductile irons, yo Magy mye ay = Panoramic Radio Products, Inc. 
users are buying iron castings on oe be ar Circle 682 on Page 19 
under standard specifications desired performance Clamps & Fasteners 
with strengths more than 100,000 ; Gearlock clamps, described in Cata- 
p.s.i.! Gray iron parts are also castings . . . the most economical log cf57, use a wormlock mechanism 
being used in structural applica- of all component parts. Have at pl toy tced op Si ae aoe 
tions under loads at temperatures your fingertips the new Gray strengths to 2000 Ib. Also covered 
up to 800°F. Learn how to make _ Iron Founders’ Society Summary _ are hook, loop, hinge, spring loaded, 
beucaee products by utilizing of Specifications, giving the — "ie meen ee = fasten- 
the improved mechanical and latest properties of ductile and Circle 683 on Page 19 


physical properties of gray iron — standard gray irons. Small Lamp Sockets 

Information on a complete line of 
sockets for small lamps used in elec- 
trical and electronic products and 
equipment is presented in comprehen- 
sive Catalog S-557. Technical de- 
tails are given on each socket which 
is illustrated full-size. Commonly 
“ay . . . used incandescent and neon lamps are 
it's time to design with shown. 28 pages. Leecraft Mfg. 


Co. 


Circle 684 on Page 19 
Fasteners 


Condensed Bulletin 2008 contains 
GRAY IRON FOUNDERS’ SOCIETY, INC. brief descriptions of a broad range 


National City-East 6th Bldg. * Cleveland 14, Ohio of industrial fasteners. Types cov- 


Free Summary of Specifications. Be sure you are fully acquainted 
with the new characteristics of gray iron. Ask your foundryman 
or write for a copy of GIFS up-to-date “Summary of Specifications”. 





ered include Unbrako socket screw 
products, Flexloc self-locking nuts, 
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for driving reliability ... 


No V-belt transmits power like 
TEXROPE BELTS 


with endless grommet 








Extra 
THICK, solid rubber Strong 


cushion surrounds and 
protects grommets from 
heat, shock and other 
destructive factors. 





“Je 
* Weeee... "t@ rene 
"ween. 

neve 


f 2 42a 
99.9%, rm 9 
%9 aS 
90 2% 9 7 
29909 


ee. 


TOUGH bias-cut, multi- 
fabric cover prevents 


penetration by heat. Tough Sturdy 


Texrope is an Allis-Chaimers trademark. 


construction 


EXTRA STRONG, heavy twin 
grommets each offer more than 
enough tensile strength to handle 
any load normally encountered. 
They’re precisely located to assure 
uniform load distribution. 


STURDY, straight sidewalls 
guarantee maximum grip- 
ping power.. Tendency to 
bulge is converted into grip- 
ping sidewall pressure be- 
cause cast-iron sheave side- 
walls confine the belt. 


For More Information on Texrope belts, sheaves and other 
mechanical power transmission equipment, contact your 
nearby Allis-Chalmers distributor, or write Allis-Chalmers, 
General Products Division, Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS 
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MORLIFE Spring L Loaded 





LESS SIZE 


Because ROCKFORD Morlife Clutches handle double the 
amount of torque handled by ordinary friction clutches, 
they enable design engineers to reduce the effect of 
centrifugal force developed by modern, high-speed 
engines. By cutting down the required diameter of the 
clutch, they reduce weight. By insuring better heat dis- 
posal, they multiply the clutch’s work-life. While your 
next model is in the planning stage, it will pay you to 
investigate how this new type clutch will improve the 
operation and eliminate 90% of the clutch service re- 
quirements of your product. 


SEND FOR THIS HANDY BULLETIN 


Shows typical installations of ROCKFORD 

power CLUTCHES and POWER TAKE-OFFS. Contains 
rawe-OFFS Fa diagrams of unique applications. Furnishes 
ma capacity tables, dimensions and complete 
specifications. 





ROCKFORD Clutch Division BORG-WARNER 


311 Catherine St., Rockford, Ill., U.S.A. 
Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, II. 











192 Circle 496 on Page 19 








G600C0CE 











Small 





Automotive 
Spring Loaded 





Pct Duty 
Spring Loaded 





Oil or Dry 
Multiple Disc 





Heavy Duty 
Over Center 





Light 
Over Center 








Speed 
Reducers 


ENGINEERING 


PRODUCTION 
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Sel-Lok spring pins, and Hallowell 
steel collars. Sizes, materials, and 
application information are included. 
Microsize fasteners are detailed also. 
4 pages. Standard Pressed Steel Co. 

Circle 685 on Page 19 


Plastics 
Properties of Super-Dylan, Dylan, 
Dylite, and Dylene polyethylene plas- 
tic materials which adapt them for 
wide range of uses are covered by 
illustrated Bulletin C-6-236. 4 pages. 
Koppers Co., Chemical Div. 
Circle 686 on Page 19 


Servomotor-Rate Generator 


Engineered to meet the exacting 
requirements of control system engi- 
neers, Size 18 servomotor-rate gen- 
erators use 115-v, 400-cycle excita- 
tion. Complete data on these preci- 
sion units are given in Bulletin 869. 
2 pages. Helipot Corp. 

Circle 687 on Page 19 


Plastic Foam & Sponge Rubber 


The relative merits of sponge rub- 
ber, vinyl foam, and urethane foam, 
as well as their application as seal- 
ing, cushioning, and dampening com- 
ponents are subjects covered by illus- 
trated booklet entitled, “To Make 
Your Product Better.” Typical parts 
produced for specific applications are 
shown. 12 pages. Brown Rubber Co. 

Circle 688 on Page 19 


Hydraulic Fittings 
Self-flaring, no-flare, and flare 
types of hydraulic tube and pipe fit- 
tings are pictured and complete di- 
mensional and performance data are 
given in Catalog 556. Design data 
aids in engineering and application 
of the proper fitting for every hy- 
draulic circuit need. 28 pages. Flo- 
dar Corp. 
Circle 689 on Page 19 


Switches 


Heavy duty precision switches, par- 
ticularly suited for uses in machine 
tools and industrial equipment, are 
depicted in illustrated Folder 84-274. 
Roller arm, plunger, lever, in-line, 
and manual actuated are but a few 
of the types of limit switches shown. 
4 pages. Minneapolis-Honeywell Regu- 
lator Co., Micro Switch Div. 

Circle 690 on Page 19 


Dials & Nameplates 


Guidance in specification of dials, 
panels, and nameplates is provided 
in “Idea File’ which gives informa- 
tion on the various marking tech- 
niques available, including screening, 
photo marking, lithography, engrav- 
ing, and etching. Finishes, coatings, 
and luminous materials are discussed, 
as are edge-lighted panels. 6 pages. 
Request on letterhead from United 
States Radium Co., Morristown, N. J. 


Air Compressor Lubricant 


Savings in air compressor mainte- 
nance costs and safety from flash 
fires and explosions result from use 
of Pydraul AC, a fire-resistant syn- 
thetic lubricant for air compressors. 
It is detailed in illustrated booklet. 
Request on company letterhead from 
Monsanto Chemical Co., Organic 
Chemicals Div., St. Louis 24, Mo. 
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2000°-3000° F. 
High Temperature Insulation 


it may be the 

special insulation 
you've been 

looking for! 





REFRASIL PROPERTIES: 
e Chemical resistance of pure silica 


@ Resists temperatures up to 3000°F. 
under certain conditions 


@ Low Thermal conductivity 
@ Fiber diameter .00020 —.00040 in. 


@ Specific heat .19 


@ Thickness .14—.15 in. 
@ Surface density .05 Ib./sq. ft. 


REFRASIL USES: 


© 2000°F. continuous high temp. insulation 
® Filtration of corrosive materials 


“WRAP-AROUND” 





Bis. 


4 
WRITE OR CALL YOUR NEAREST REFRASIL 
BURNIE L. WEODLE, 3219 W. 29th. 





® Removable, insulating blankets 
© REFRASIL and plastic laminates 
® Thermocouple wire insulation 
® Electric muffle furnaces 

© Laboratory heating mantles 


REFRASIL INSULATING BLANKETS: 


WHAT IS REFRASIL? REFRASIL is a highly efficient fibrous silica 
insulation material, extremely light in weight and bulk and made in a 
variety of physical forms. 


REFRASIL has proven its high temperature insulation ability in mil- 
lions of hours of jet aircraft operation. It is fast becoming an important 
industrial insulation for critical and extreme temperature applications 
from —300°F. cold to +3000°F. heat. Despite relatively high initial cost, 
REFRASIL is economical when restricted to special high temperature uses 
where ordinary insulation materials fail. 


If you need an efficient, lightweight 2000°-3000° insulating material 
in bulk fiber or any of the physical forms shown, REFRASIL may be your 
best answer. For your special high temperature insulation problems, our 
research and development engineers are only a phone call away. Call or 
write for complete engineering information and free samples of 
REFRASIL, for your own testing. 


* FREE NEW CHART! 


First of a Series, this new High Temperature 
Insulation Chart contains helpful information on 
insulation for temperature ranges from —300° 

to +3000°F. Write for your free copy today! 





eee S H. |. THOMPSON FIBER GLASS CO. 
— Hino 1733 Cordova Street-Los Angeles 7, California 


“PRE-FORMED” 


REpublic 3-9161 





REPRESENTATIVE * EASTERN: TOM KIMBERLY, 38 Crescent Circle 


HITCO HELPS INDUSTRY BEAT THE HEAT 


Cheshire, Conn., BRowning 2-6544 * MIOWEST: 


$t., Indianapolis 22, Ind., WAlnut 5-8685 * SOUTHWEST: MARSHALL MORRIS, 3515 Covert Ave., Ft. Worth, Texas, WAlnut 3-8098 - NORTHWEST: 


J. L. LARSEN, 5757 Oaklawn Place, Seattle, Wash., MOhawk 9311 °¢ 
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CANADIAN PLANT: THE H. 1. THOMPSON CO. OF CANADA LTD., 60 Johnston St., Guelph, Ontario, TAylor 2-6630 
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Use Yellow Card, page 19, to obtain more information 


Speed-Reducing Apparatus 


makes any helical gear 
drive configuration 


Line of helical-gear, speed-reduc- 
ing units, called Moduline, provides 
basic subassemblies and accessories 
which combine to make any helical- 
gear drive configuration. New 
double-reduction cage has a fixed 
5:1 set of low-speed gears. High- 
speed change gears are mounted on 
rolled spline shafts so that they 
can be mounted or replaced with 
hand tools. Gears in the triple 
and quadruple-reduction subassem- 
blies are also spline mounted. Seven 
unit sizes to 30 hp are available 
with ratios of 5:1 to 625:1. Stand- 





ard components can be assembled 
into arrangements to ailow floor, 
ceiling, wall, or angle mounting. 
Addition of accessories provides 
for vertical flange mounting, right- 
angle input and output drives, gear 
motors, package motor reducers, 
and concentric-shaft speed reduc- 
ers. Gear case and low-speed cage 
are.shown. Westinghouse Electric 
Corp., Box 2278, Pittsburgh 30, Pa. 

Circle 691 on Page 19 


Metal Bellows 


of Inconel and Inconel-X 
Metal bellows, fabricated of In- 
conel and Inconel-X, are available 


for high-pressure and high-tem- 
perature applications. The bellows 
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are particularly applicable in air- 
craft engine controls where precise 
response must be repeated over an 
extended period. A four-ply In- 
conel bellows of 2 in. OD with- 
stands 1000 psi at room tempera- 
ture. The materials can be used 
in temperatures to 1500 F. Bel- 
lows ave available in sizes from 
15/32 to 12 in. OD, and in single 
to four plies. Fulton Sylphon Div., 
Robertshaw-Fulton Controls Co., 
Knoxville, Tenn. 

Circle 692 on Page 19 


Anchor Nut 


is miniature, 
right-angle type 


MF6000 miniature _ right - angle 
floating anchor nut has been re- 
duced 58 per cent in weight. It is 
available in both cadmium-plated 
carbon steel, with 550-F tempera- 
ture limitation, and A286 corro- 
sion-resistant steel for higher tem- 
perature or nonmagnetic applica- 





tions. Unit incorporates elliptical 
locking device to assure positive 
self-locking under severe vibration. 
It combines low height, high 
strength, and infinite reusability. 
Kaylock Div., Kaynar Co., 820 E. 
16th St., Los Angeles 21, Calif. 
Circle 693 on Page 19 


Miniature Coaxial Cables 


are Teflon-insulated 
for high-temperature use 





Coaxial cables are flexible units 
available in 50, 70, 75, 93, and 95- 
ohm ratings. They are insulated 
with Teflon for high-temperature 
applications, and meet the RG 
series of MIL-W-17B and MIL-C- 
8172. In addition to all-Teflon and 
Kel-F constructions, nylon, vinyl, 
Teflon and silicone-lacquered glass- 
braided jackets are also available. 
Tensolite Insulated Wire Co. Inc., 
Box No. 66, Tarrytown, N. Y. * 
Circle 694 on Page 19 


All-Glass Valve 


2-in. unit is compact 
and corrosion resistant 


All working parts of this Y-type 
valve exposed to fluid are of glass 
or Teflon. It handles acidic fluids 
of all concentrations or composi- 
tions at temperatures to 250 F. The 
2-in. unit is compact and corro- 
sion resistant, and can be used to 
process all acidic metallic salts, 
various crystalline slurries, and all 
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in an Economical, Compact, Quality Package 





Series 
Type | 
MicroMotor g 











ACTUAL 
SIZE 








Especially Designed for Actuators and All 
Applications Where High Starting Torque Is Needed 


The Redmond type TW series MicroMotor is an 
especially designed actuator motor—not a modi- 
fied heater motor of conventional stamped steel 
construction. The stator core is precision die cast 
to make a rigid, durable motor. The exact bearing 
alignment and uniformity of air gap result in a 
motor that will give you years of trouble-free 


service and quiet operation. 





Your Nearest Redmond Engineering Field Office 
Has Complete Information for You 


Eastern Office 

850 Broad Street 
Newark 5, New Jersey 
Phone: Mitchell 2-3990 


Southeast Office Mid-West Office 
1720 Section Road Fair Oaks Bldg. 
Cincinnati 37, Ohio 6525 W. North Ave. 

Phone: Melrose 1-3153 Oak Park, Illinois 
Phone: Village 8-5721 
Western Office 
1260 S. Boyle Ave. 
Los Angeles 23, California 
Phone: Angelus 3-6710 


Southwest Office 
210 Suburban Building 
5526 Dyer Street, Dallas, 
Texas Phone: Emerson 8-4461 











MAIN OFFICE 


201 Monroe Street 
Owosso, Michigan 
Phone: Saratoga 5-5151 
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The TW series motor is available with 6 volt DC 
to 115 volt AC or DC performance winding. The 
horsepower range is 1/150 to *4, depending on the 
speed and type of duty required. 


This motor is ideal for pumps, can openers, chair 
vibrators and actuators, blowers, hedge trim- 
mers, and tape dispensers. Typical automotive 
applications are window and seat actuators, top 
lifts, evaporative coolers, and air-ride compressors. 


Write, wire, or telephone either the Redmond 
office nearest you or the home office, and our sales 
engineer will show you how this motor can save 
money on your application. 


The Standard of Dependability. 


COMPANY, Inc. 
OWOSSO,~MICHIGAN 


THE BIG NAME IN SMALL MOTORS 
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acids except hydrofluoric and hot 
concentrated raw phosphoric. Low ~ 
thermal expansion of the glass 
permits a sudden temperature dif- 
ferential through the valve of 200 





“It’s round,” said Chris, ‘‘perfectly round!” 


F. Maximum line pressure at the a 
Columbus proved the earth was round, | valve is 50 psi. Glass valve body 
just as Universal’s 100% inspection proves the perfect | is armored with a glass-fiber poly- 
roundness of its classic precision balls— | ester-resin sleeve. Valve can be 
quality controlled perfection for every possible | mounted easily in any position 


through 360 deg. Corning Glass 
| Works, Corning, N. Y. 


Circle 695 on Page 19 
to tolerances as fine as 0.000005 of an inch. vo on Fag 


application by designer and manufacturer. Both 
metallic and non-metallic materials are precision lapped 


If it’s round—perfectly round— it’s a Universal Precision Ball. | Concentric-Shatt Differential 


UNIVERSAL QUALITY CONTROL—FOR ALL AROUND PERFECTION 
for servo and 





el Universal Ball co. | computer applications 
® | wiLLow Grove, MONTGOMERY CO., PA. | Model T-750 concentric-shaft dif- 
Circle 499 on Page 19 | ferential is a totally enclosed, 





a —————— | dustproof unit for servo and com- 


‘/@e TIMER RELAY oer as couaaany Aton 
that handles all controlled 


one end of a servo-mounted case. 
| This permits mounting of the dif- 
e e 
timing problems... 
This steel clad, factory set, tamp- 


ferential in alignment with stand- 
er proof Durakool timer-relay is 


practically non-breakable. Oper- 
ating life multiplied 5 to 6 times 
by new plunger construction fea- 
tures. Combinations of operate- 
release time delays from 0.15 
sec. to 20 sec.—either normally 
open or normally closed action. 



















colt ¥ 
ENERGIZED oi aa 


OUTPUT 
INPUT 





ard servo components, resulting in 
a single-line gear train. Sterling 
Precision Corp., 34-17 Lawrence 
St., Flushing 54, N. Y. 

Circle 696 on Page 19 


STEEL MERCURY TIMERS ba 
Silicon Solar Cells 
provide energy for 


COIL i 
se-cncncizen many portable devices 





% No false contacts 
% Non sticking 
% Practically "fail safe" 
% Low cost timer 






Silicon solar battery cells convert 
light and radiant energy into elec- 
trical power of useful proportions. 
The p-n junction-type cells, when 
grouped in a series parallel con- 
figuration, become a primary pow- 


See telephone directory for 
local distributor, or write. 


DURAKOOL, INC. 
ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
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LEADING MANUFACTURERS USE VULCOID. For a punched timer- 
switch part that operates in oil; for arc chutes in circuit breakers; for the 
insulation and structural part of an auto-headlight dimmer switch; for a 
formed electrical switch part carrying 110-volt 60-cycle current; for a 


mass-produced, 110-voit light-socket part—for these and many more 
Underwriters-approved parts, CDF Vuicoid is an effective, economical 
insulation materiali—good where neither plain fibre nor plain phenolic 
laminate would suffice. 


Fibre gives it high arc-resistance .. . 
Aniline resin gives it moisture-resistance 


CDF VULCOID 


resin-impregnated vulcanized fibre 


Vulcoid® is different. To the electrical properties of vulcan- 
ized fibre we’ve added the low moisture-absorption of an 
aniline-type resin with an unusual affinity for cellulose 
fibers—all at low cost. Excellent moisture-resistance (two 
to four times that of plain vulcanized fibre) helps stabilize 
Vulcoid’s excellent electrical insulating characteristics. Its 
low cost makes Vulcoid a fine production material for 
applications of moderate electrical requirements. 

Underwriters’ approval. Vulcoid is approved by Underwriters’ 
Laboratories as a material for the insulation of current- 
carrying parts in electrical equipment. It carries the distinc- 
tive red and blue thread marking of such materials. 

Easy to work. Like vulcanized fibre, Vulcoid is readily drawn 
or formed into permanent shapes, punched, machined (see 


illustration above) at low cost. CDF fabrication facilities 
can give you production quantities of Vulcoid parts to your 
specifications. 

Learn all the advantages of designing around low-cost CDF 
Vulcoid parts such as arc-deflector spacers, transformer 
and motor lead bushings, circuit-breaker and transformer 
barriers, knife-switch guides, transformer coil separators, 
instrument and contact panels, baseboard receptacles, etc. 
Ask your CDF man or write for new technical bulletin. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE —f@rye4eé- COMPANY + NEWARK 23, DEL. 


COMPARATIVE PROPERTIES 





Paper | 
Base (XX) 
Phenolic 


1/16” 


Commercial 
Vulcanized 
Fibre 


1/16” 


Percent 
Normal 


Property Deviation 


1/16” 





~ 2 P 


+10 
+25 


140 
Be oe 
60 


4 
2 ee 3 
5 a= 


Arc Resistance, seconds 
Specific Gravity q 
Moisture Absorption, 
% 24 hours 
Tensile Strength, | 
thousands of psi. 
Flexural Strength, _ 
thousands of psi. 
Shearing Strength, -—MD 
thousands of psi. CD 
Compressive Strength, flatwise 
thousands of psi. 


a 

Bee... 
19 
17 


—MD > 11 
cD 
—MD 
CD 
14 
12 


34 


110 


1.35 


20 
16 


12 
10 


36 





Izod Impact Strength MD 0.50* 


( Edgewise ) 
Ft. Ibs. per inch of notch 


Dielectric Strength, VPM 


+20 | 
Perpendicular to surface 


2 700 





1a 5 1.2 


275 170 100 








NOTE: ASTM test methods used for Specific Gravity, Moisture Absorption, Arc Resistance, Tensile, Flexural, Compressive, and Dielectric Strength. 
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YOUR CYLINDER 
ORDER SHIPPED 


IN -HOURS 
oR Less! 


LET CARTER CARRY 
YOUR INVENTORY! 


ANY BORE SIZE 
ANY MOUNT 
ANY STROKE 


AIR OR 
HYDRAULIC 








CYLINDERS 


Get your cylinders now, when you need them. No need to 
lose production because of poor delivery! Carter will ship 
your cylinder order in 24 hours or less, to satisfy your needs. 
And when you buy Carter cylinders, you buy quality—rugged, 
dependable cylinders. 

Leakproof construction . . . strong key-type locking of body 
between tubing and heads . . . compact, space-saving design. 
Everything you need in a cylinder . . . plus special delivery to 
you. Get in touch with us today for what you need tomorrow! 


| 
COMPLETE é 
CATALOG FILE! a 


Complete bound file st _ 
with ordering details, 
for: Air Cylinders; > 
750 ib. Hydraulic; 1500 Ib. 
Hydraulic; Clamp Cylinders; 
Air Valves; Built-in Valve 
Types. Complete with parts 
data, specifications and 
prices. Send today! 










PHONE SERVICE 
24 HOURS A DAY! 


Order day or night. Fer fast 
service call CARTER: LANSING, 
ILLINOIS, GRanite 4-3305 or 
CHICAGO, BAyport 1-7186. 
TELETYPE LNSG, ILL 1119X. 


CA f lk f CONTROLS INCORPORATED 
2914 Bernice Road ¢ Lansing, Illinois (Chicago Suburb) 


AIR CYLINDERS e« AIR VALVES * HYDRAULIC CYLINDERS 
ROTARY ACTUATORS e¢ SPECIAL CONTROLS 
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er source which can be used in ap- 
plications where storage or dry- 
cell batteries would be used, such 
as in many portable devices. Cells 
measuring approximately 1 in. in 
diam are available in mounted and 
unmounted types. Mounted cells 
have black phenolic housings with 





a glass window. Mounting studs 
also serve as electrical output ter- 
minals. Unmounted cells are sup- 
plied with attached 6-in. color-cod- 
ed insulated leads. International 
Rectifier Corp., 1521 E. Grand 
Ave., El Segundo, Calif. 
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Lock Washer 
for heavy-duty applications 


Design of new high-strength lock 
washer for heavy-duty applications 
affords rigidity of assembly, yet 
provides resilience under extreme 
loads. The pyramidal lock washer 
has application wherever high 
torques are required, such as in 
locking automobile body bolts. Four 
and six-sided pyramidal washers 





are available in several screw sizes. 
They can be preassembled onto 
screws. Shakeproof Div., Illinois 
Tool Works, St. Charles Rd., Elgin, 
Ill. 

Circle 698 on Page 19 


Instant-Reversing Motors 


have ratings from 
1/6 through 1 hp 


Energizing for reversal is instan- 
taneous in Inst-O-Verse motors, 
because low-friction nylon shoes 


MACHINE DESIGN 
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This Rem-Cru titanium wheel, whirled at high speed, withstood more stress than the strongest steel. 


How strong and tough its titanium? 


Part of the answer is shown in a dramatic test, which may _ titanium wheel had to be notched before it would break at all. 
illustrate some of the characteristics you are looking for. If you’re looking for a strong, tough metal, with light 
An 18-pound jet compressor wheel of Rem-Cru C-130 AM__ weight and exceptional corrosion resistance, Rem-Cru ti- 
titanium alloy was whirled at tremendous speeds. It with- tanium is the answer. It’s promptly available in the grades 
stood far more rpm’s than the strongest steel. Jn fact, this and sizes you want. 


REM-CRU Wie Set MOL fo te 


Rem-Cru Review—a free 
—_——_— ee World's Most Versatile Metal mA . 
periodical presenting the 
TIT AnNnIUVUM latest data’ on titanium. 
MIDLAND, PENNSYLVANIA 
Sales Offices; 6033 East Bandini Boulevard, Los Angeles 22, California » 4501 W. Cortland Street, Chicago 39, Illinois » 405 Lexington Avenue, New York 17, N. Y 
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SPENCER Vacuum 


Supplies the 


"Musele" 
fot this machine 










Aammawas. LY lA aa me 8 
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Designers at W. S. Rockwell Co. had the problem of de- 
veloping a machine which would pick up, move and deposit 


brass sheets of these specifications: weight — 880 lbs.; 
length — 24’; width — up to 42”; distance of movement 
—4 6”, 


It was decided that the most efficient method of pickup 
would be suction cup assemblies with vacuum. Obviously, 
the vacuum producer chosen must be extremely reliable 
and built to withstand continuous usage. 


A 25 H.P., 4 bearing outboard type SPENCER unit rated 
at 435 CFM was selected to do the job. 


Spencer will be glad to cooperate in designing and 
manufacturing vacuum producers or blowers to meet your 
special requirements. 


Two Catalogs to Aid the Designer 
STANDARD CAPACITIES 


132 UNUSUAL USES OF SPENCER VACUUM of Spencer Vacuum Producers 


i 
l 
| 
Bulletin 144 illustrates and describes l 

how Spencer Vacuum is used in in- | 2 through 400 H.P. 
dustries from A to Z. | 
“TURBO DATA BOOK" | 
Supplies application data on Spencer l 
Blowers. Request Bulletin 107-C. I 


Up to 12” Mercury Vacuum 
Volumes up to 17,000 C.F.M. 


Mine) od —1 » [OF = 2 


SPENCER TURBINE COMPANY 
HARTFORD 6, CONNECTICUT 
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fitted to a machined surface on 
the shaft maintain silver contacts 
in automatically preset position 
ready for reversing operation. Re- 
versing power is applied when de- 
manded by manual or automatic 
transducer, with full torque ca- 
pacity of the motor instantly util- 
ized. Single-phase, 1725-rpm, 115 
or 230-v, sleeve or ball-bearing mo- 
tors from 1/6 through 1 hp are 
available. Franklin Electric Co. 
Inc., Bluffton, Ind. 
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Miniature Inductors 


have wide range and 
high sensitivity 


MF series electrically variable in- 
ductors are potted in silicone rub- 
ber and are hermetically sealed. 
Permanent-magnet bias is em- 
ployed, using ceramic magnets 
which have been stabilized so that 
damage by external fields is vir- 
tually impossible. Units have wide 





range and high sensitivity. They 
are available for frequencies from 
1 to 200 me. Vari-L Co. Inc., 432 
Fairfield Ave., Stamford, Conn. 
Circle 700 on Page 19 


Flow Meter 


has accuracy within 
one-half of 1 per cent 


Bellows - type differential-pressure 
flow meter is used in conjunction 
with mechanical recording, indi- 
cating, transmission, and control 
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129 Hydraulic 


Pump and Motor 
Combinations 


putietin 81° 


brand new bulletin ready! 


Gives full performance data on pump and motor combinations. 
Write today for your copy of Bulletin 810-A. 


December 12, 1957 





Here are power sources for any hydraulic application. Commercial, 
military, and aviation research have developed this array of standard 
pump and motor combinations. 


With a performance range from .1 to 5 G.P.M. at pressures to 2000 
P.S.I., you can expect a stock power source that fits your require- 
ments. Many types of motors offer a choice of electrical character- 
istics, and have drip-proof, totally enclosed, or explosion-proof 
enclosures as required. 


Typical uses are hydraulic power for machine tools, automatic door 
openers, material handling equipment, and thousands of other appli- 
cations requiring smooth, dependable hydraulic power. 


When you need custom equipment, call on Eastern and discover how 
this adaptable line of hydraulic pumps and motors fills the bill without 
research expense by you. 
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America’s Newest, Automobile, 


includes Malleable Iron Castings 


as important components 


Power steering housing 


Universal joint flange 


Recognized for its durability and versatility for over 130 years, 
and used for parts in all kinds of transportation equipment, it’s 
not surprising to find applications of standard and pearlitic 
Malleable castings throughout the Edsel. 

The three Edsel parts examples illustrated are important uses of 
malleable. The power steering mechanism housing is certainly a 
place for safety insurance. The universal joint flange is a vital link 
in the power train. And the transmission rear brake drum helps 
complete the flow of engine power to the car’s drive wheels. 

It’s very likely your product could be strengthened, 
lightened or improved by the use of malleable iron 
castings. And malleable’s easy machinability speeds 
production and cuts costs. A helpful review of all 
malleable iron advantages is contained in our new 


publication “Value Analysis”. Write for your copy — 
to the Malleable Founders’ Society. 


1800 Union Commerce Building Cleveland 14, Ohio 
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instruments. It is accurate to with- 
in one-half of 1 per cent, and main- 
tains accuracy when ambient tem- 
perature changes by as much as 
100 F and static pressure reaches 
2500 psi. Range of the flow meter is 
changed by springs available in 
fifteen different ranges between 
0-20 and 0-400 in. of water. Ex- 


ternal suppression adjustment is 
available for use when meter body 
measures liquid level in closed 
tanks. Unit is shown disassem- 
bled. Minneapolis-Honeywell Regu- 
lator Co., 2753 Fourth Ave. South, 
Minneapolis 8, Minn. 
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High-Strength Metal 


can be cast in 
all forms and shapes 


Almanite, which combines austen- 
itic manganese steel and marten- 
sitic white irons, can be used in 
mining, construction, dredging, pe- 
troleum, power, foundry, and met- 
alworking industries wherever 
high wear resistance and hardness 
are required. The metal can be 
cast readily in all forms and 
shapes. Structure is similar to 
heat-treated steel, and it possesses 
a better combination of hardness, 
strength, and resistance to impact 
than either austenitic manganese 
steel or martensitic white irons. 
Certain types of the new metal 
have tensile strengths of 90,000 
psi with ductility approximately 
15 per cent. Meehanite Metal Corp., 
714 North Ave., New Rochelle, 
N.Y, 
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Nylon Balls 


in fifteen sizes from 
3/32 to 34 in. diam 


Improved Zytel 101 balls are 
formed by grinding, using a bond- 
ed abrasive wheel. Gritfree cool- 
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Another NEW CLARE PLANT 
to give you relays 
of unequaled quality 


® Telephone type relays 
(ac and dc) 


* Hermetically sealed 
relays 


e Computer relays 
® Video relays 
*® Power relays 


® Mercury-wetted 
contact relays 


*® Relay banks 
* Plate circuit relays 
*® Stepping switches 


¢ Lever, push and turn keys 



















¢ Other special relays 





Before midyear 1958 CLARE will be serv- 
ing customers ‘from a new factory at 
Fairview, N. C.—a facility that will match 
the manufacturing advantages of our 
Chicago plant, itself only five years old. 


This CLARE expansion is made neces- - 


sary by the tremendous growth of.the 
electronics industry and the increasing 


elcvaur-lavemielm olactolix-morolunlolelal-1al com laleli le pam 


ing relays whose life can be measured in 
billions of operations. 

Facilities bf virtually clinical .cleanli- 
ness are required for this. kind of pre- 
cision. That's why CLARE plants in both 


ne 
N- 





New C. P. Clare & Co. plant at Fairview, N. C. will expand manufacturing facilities ~ 
which have been under way in Fairview for two years. 


Chicago and Fairview maintain complete 
control of the temperature, humidity and 
cleanliness ofthe air...immaculate 
walls and floors ... powerful, shadow- 
less lights, for assembly-of small parts. 

If yours is a product whose long life, 
reliable performance and freedom from 
maintenance depends. on relays, it will 


_ pay you to know ALL about. CLARE 


relays. C. P. Clare & Co., 3101 Pratt 
Blvd., Chicago 45, Illinois. In Canada: 
C. P. Clare Canada L{d, , 2700 Jane Street, 
Aol colah comm tofam @lah¢-1 alo Pam OF-10] (-W- Vole la -t-t-m 
CLARELAY 





CEARIE 


FIRST in the industrial field 


RELAYS 
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PRE-SET BY EXACT WEIGHT 


In MORRIS PISTON MILLING MA- 
CHINE, scale No. 1 determines amount 
of overweight that must be removed 
to balance pistons. Linkage transfers 
reading to depth of cut and sets ma- 
chine for milling off the correct amount 
of excess pad. 











INSPECTED BY EXACT WEIGHT 


After milling, piston travels to the sec- 
ond scale where it is checked against 
predetermined weight. The SHADO- 
GRAPH scale is adjusted to one gram, 
plus or minus. Should final check show 
over or under “this amount, machine 
is automatically stopped. 








The above application shows how EXACT WEIGHT 
_ precision designed scales can be fitted into modern 
machine tooling to bring your operations a step nearer auto- 


mation. 


If you are now designing machines or products that require 
accurately controlled weight as a part of their manufacture, 
investigate our SHADOGRAPH Scale application. These 
scales can be easily built into most modern production ma- 
chines. Their absolute accuracy adapts itself to complete elec- 


tronic application and control. 


Complete engineering data is available for designers. Write, 


giving your specific application. 


Sales and Service Coast to Coast 


THE EXACT WEIGHT SCALE CO. 
923 W. FIFTH AVE., COLUMBUS 8, OHIO 
tn Canada: P.O. Box 179, Station S, Toronto 18, Ont. 
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ant prevents ball surfaces from 
accumulating foreign particles. 
Clear Nylon balls are available in 
fifteen standard sizes from 3/32 
to 34 in. diam. Industrial Tech- 
tonics Inc., 3686 Jackson Rd., Ann 
Arbor, Mich. 
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V-Belt Pulley 


for fractional-horsepower 
applications 


Step-down V-belt pulley is made 
entirely from welded pressed-steel 
parts. It is for fractional-horse- 
power use on appliances and sim- 
ilar equipment. Construction of- 
fers light weight, rigidity, and 
eliminates solid metal machined 
hub. One section of the larger 
pulley is formed to make the inner 


half of the step-down pulley, add- 
ing to the strength and rigidity of 
the entire unit. Nagel-Chase Mfg. 
Co., 2809 N. Ashland Ave., Chi- 
cago 13, Ill. 
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Captive Fastener 


for use on 
electronic subassemblies 


New captive fastener, adapted 
for use on electronic subassem- 
blies, consists of a swaged-in-place 
sleeve, a bolt with both threaded 
shoulder and shaft, and a small 
spring. Two threads at the top 
of the sleeve accommodate the 
threaded shoulder of the bolt. Two 
turns of the bolt carry it through 
the threads to become captive 
within the sleeve, held in place by 


MACHINE DESIGN 





Wherever products are subject to move- 
ment, vibration, stresses and strains, 
more than tight fastenings are neces- 
sary to keep assemblies tight indefinite- 


TENSION to xcep your sorte assemaues TIGHTER toner 


Spring Lock Washers are quality con- 
trolled throughout their manufacture 
and offer the reactive range and pres- 
sure necessary to keep bolted assemblies 


ly. There must be constant tension in 
the assemblies and the one sure way to 
accomplish this is by the use of famous 
Reliance Spring Lock Washers. They 
not only retard “nut creep,” but auto- 
matically compensate for bolt stretch, 
thread wear, expansion and contraction 
due to temperature changes. 


tighter longer. Reliance Spring Lock 
Washers have proved for fifty years an 
accepted standard in industry, and are 
produced in four standard series: light, 
medium, heavy and extra heavy 

for each screw and bolt size. 


For more information please write 
for Engineering Bulletin W-50 
or request a visit from one of 
our fastening engineers. 


———— RELIANCE DIVISION —"— 
MANUFACTURING COMPANY 
506 CHARLES AVENUE e MASSILLON, OHIO 


SALES OFFICES: New York * Cleveland * Detroit * Chicago © St. iovis * San Francisco * Montreal 

@) PRODUCTS: Sodium Cooled, Poppet, and Free Valves * Tappets * Hydraulic Valve Lifters * Valve Seat Inserts * Jet 
Engine Parts ® Rotor Pumps ® Motor Truck Axles * Permanent Mold Gray Iron Castings * Heater-Defroster Units * Snap Rings 
Springtites * Spring Washers * Cold Drawn Steel * Stampings * Leaf and Coil Springs * Dynamatic Drives, Brakes, Dynamometers 


Made of cold drawn spring steel in 
Reliance’s own cold finished mill, the 
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for WARREN'S NEW: | “== 


§ | @ small tension spring. Subassem- 
bly can then be fastened tightly 


Flange Mounted Rotex Pump t :\mirssentiy“y ring 


bolt into tapped holes or other 
mating fasteners until bolt tight- 
ens on a shoulder in lower part of 


O 


FLANGE 
MOUNTED 
OIL PUMP 














DRILLED 


j i Z tL es a 
RANGE bed MR sinc tiga 


“I” DISCHARGE, “Y" OA FLANGE, “I” SUCTION, “Y" DIA FLANGE, 
1, From 5 to 750 g.p.m. "Y" OA ~ "AB" On “wr aC "Y" O1A - "AB" ON “w' Bc 
dependent upon speed. 

2. Discharge pressure 
to 300 p.s.i.g. depend- 
ent upon pump size. 


MATERIALS 
Standard construction 
All Iron. Ductile tron 
or Steel available for 
applications involving 
thermal or physical 
shock. 


FEATURES 
1. High volumetric effi- 
ciency permits 
wide range of 
speeds. 
2. Timing Gears allow 
high speed operation at 
low pitch line velocities 
eliminating danger of 
cavitation. 
3. Self-priming possible 
because of close inter- 
nal clearances. 
4. Available witheither 
Mechanical Seal or 
Conventional Stuffing 


Box. 


APPLICATIONS 
Diesel Engines 
Gasoline Engines 
Reduction Gears 
Turbines 
Hydraulic Systems 
Machine Tools 


WARREN 
PUMPS. In. 


WARREN 


C) MASS. 


G-6 
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sleeve. Bolt has a hexagonal, slot- 
ted head, permitting use of screw- 
driver or wrench to attach or de- 
tach subassembly. Moran Co., 115 
Main St., El Segundo, Calif. 
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Miniature Gears 


in solid pin and 
clamp-type hubs 


Dynaco Precision Class I and Class 
II antibacklash gears are available 
in six diametral pitches from % 
to 1 in. OD. Both solid-pin and 
clamp-type hubs are furnished, in 
three different bore sizes. Gears 


© 


have an internal helical spring. 
Dynamic Gear Co. Inc., 20 Merrick 
Rd., Amityville, N. Y. 
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Teflon Tubing 


for chemical and 
electrical applications 


Polypenco thin-wall Teflon tubing 
is available in 11 sizes from 14 to 
1 in. ID. Nominal wall thicknesses 
are 0.030 in. on sizes through %% 
in., 0.040 in. on %4-in. size, 0.045 
in. on %-in. size, and 0.050 in. on 
1-in. size. All sizes are available 
in ten coded colors for circuit iden- 


MACHINE DESIGN 








unit containing 
stati seal faces enc 
an Satin: Stock sizes for shafts 


250 through 4.000. 


FLEX — R ae: 
3 Parts, Single pi ‘double wllty. Only 
FO . through 4.000. 
Roto-flex seal, pri special] 
250 aaeng box, erage 
through 4.009. °* § 


A Complete line 
GITS SHAFT SEALS 


For Every Application 


These modern, mechanical, face-type seals are carried in stock — 
to save you time and money. Write for detailed data. 


GITs BROS.MFG. Co. 


1868-A South Kilbourn Avenve * Chicago 23, Illineis 

















Heavy Machine Tools : Speci Lubricating Deven And 

_ A high-speed, 

cab Rie ail for more cone 
installation in heavy industr 

machinery. Stock sizes for $ | | 

950 through 4.000. x : er a 

SGU—A factory-assembled 


-type seal for the 
nat Stock sizes for shafts 250 
1.000 


§ 
: : 7 
. 
$ St 
| 
; 
’ 





























Aircraft Engines And Accessories 


STYLE HH — Absolute minimal space 
(both radial and axial) under extreme 
conditions of temperature, pressure and 
seal face surface speed. Features pres- 
sure balance when fluid pressure is 
applied internally or externally. Stock 
sizes for shafts .250 through 4.000. 


2 =\\ \ 
mo ~) |) 3 
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SPECIAL 





nothing can touch this winding 


Oil, acid, vapor, heat and pressure don’t affect this AC motor 
winding. It’s completely encased in a special, high-tempera- 
ture, chemical-resistant plastic. The windings are cast right 
in the plastic to make a single, solid, impervious piece. 


Of course, this winding goes into a special motor — one that’s 
designed to run in a pressurized atmosphere of inert gas, under 
constant exposure to a piping-hot oil splash and vapor at over 
200°F. Temperature-stabilized bearings, oil lubricated under pres- 
sure, and drip-proof, corrosion-resistant construction are some 
other design necessities for this unique 115-volt, 1/3 hp AC motor. 


Here is a typical example of ESCO’s unusual ability to design 
and build rotary electrical equipment to meet special customer 
needs. Whether or not your particular motor problem is this 
special, remember that ESCO’s twenty years of broad experience 
is always available to you. No motor or generator problem is 
too big or small, too routine or specialized for ESCO engineers 
and craftsmen to solve properly, the way you want it solved. 


Refer to Esco Catalog in section * in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem . . . we'll be glad 
to show you how we would go about solving it for you. 


uf G 


LTY CO. 


179 South Street, Stamford, Conn. 
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New Parts 





tification. | Uses include chemical 
and food-processing lines. Tubing 
has excellent dielectric properties 
for use for wire bundling or sleev- 
ing insulation. It resists solder- 
ing heats, has high flex life, and 
low and high-frequency insulating 
properties are virtually unaffected 
by moisture or heat to 500 F. 
Polymer Corp. of Pennsylvania, 
2140 Fairmont Ave., Reading, Pa. 
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Printed-Circuit Contacts 


have high 
flexing strength 



































Swingflex contacts, which have 
high flexing strength and positive 
area contact, are for use with 
printed-circuit boards 1/16 and 
3/32 in. thick. They are for either 
single or double-sided board con- 
nection. Design eliminates the pos- 
sibility of damage to contact or 
printed-circuit board during as- 
sembly or multiple insertion. Con- 
tacts are pretempered beryllium 
copper, available in _ solder-eye 
(shown), taper-tab, solder-dip, and 
wire-wrap terminations. H. H. 
Buggie Inec., Box 817, Toledo 1, 
Ohio. 
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Miniature Pump 


for airborne 
cooling installations 


Model 1733-HBU-249 coolant pump 
is a self-priming, positive-displace- 
ment unit with an externally ad- 
justable pressure-regulating valve. 
It is for use in supersonic, high-al- 
titude flight and meets military 


MACHINE DESIGN 





In the skies today flies a new series of 
deadly, pilotless rockets...lethal in their sting, 
unerring in their flight. Infrared control 
solved the major problem of guidance but 
mass production of the rocket with economy 
was still a difficult assignment. Here, Hunter 
Douglas aluminum cold forgings proved 
uniquely successful. 


This process achieves fast, economical 
production of tubular shapes with a variety 
of internal and external structural details 
integral with the tube itself. Costly fabrication 
and time-wasting assemblies are eliminated. 
The resulting tubes are stronger, simpler, 
cheaper, more accurate and more efficient! 
Combine these advantages with straightness, 
roundness and true diameter from end to end 
and you’ll see why Hunter Douglas is the 
recognized source for cold forged tubular 
components from coast to coast. 


If your contract includes tubular or hollow 
shapes—with or without closed ends—get the 
facts on Hunter Douglas Aluminum Cold 
Forgings. A letter will bring recommendations. 





ANOTHER HUNTER DOUGLAS “FIRST — Newest member of the spe- 
cial metals family to undergo successful cold forging at Hunter 
Douglas is Molybdenum —now produced experimentally in pre- 
cision tubes of nominal length. Not a standard production item; 
cost necessarily restricts Moly tubes to vital projects, at present. 


* SIDEWINDER: 
Designed by Naval Ordnance Te 
California. Aluminu 
Hunter Douglas Aluminum, Riversid 


Hunter Douglas Aluminuzm Division of Bridgeport Brass Company + Dept.MD12Riverside, California + OVerland 3-3030 
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DODGE 
AlR-GRIP 
CLUTCH 


Engineered to the modern demand, a New Air Clutch 
ooo With amazing sensitivity...compact...cooler 


in operation...built-in quick release valves... 


Finger tips on the throttle bring in- 
stant response, give the operator split- 
second control. This new product of 
Dodge is the quickest-acting air 
clutch available! 

New design and engineering by 
Dodge achieve this exceptional con- 
trol—in a clutch that provides max- 
imum torque capacity in minimum 
space. Less air is used to operate the 
clutch—the result is a new sensitivity 
that enables the operator to “inch” 
the clutch, or to throw it into full en- 
gagement as required. Where instant 
disengagement is needed, quick re- 
lease valves are built into the clutch 
itself, as optional equipment. 

The unique design of the Air-Grip 
Clutch places the air seal disc at the 
end farthest from the pressure plates, 
which generate the heat inherent in 
clutch operation. This, combined with 
automatic internal ventilation, insures 


cooler operation and longer life under 
severest service. Provision is made for 
mechanical engagement of the clutch 
if the air supply should fail. 

Thorough tests in the field as well as 
in the laboratory assure you of Dodge 
dependability in the Air-Grip Clutch. 
Available in sizes from 8.5 to 460 hp 
at 100 rpm at 80 psi. Call your local 
Dodge Distributor or write for Bulle- 
tin A634. 


DODGE MANUFACTURING CORPORATION 
3300 UNION STREET, MISHAWAKA, INDIANA 


SS 
of Mishawaka, Ind. 


Sixty years of experience in serving in- 
dustry’s clutch needs... manufacturer of 
the famous Dodge Diamond D and Roll- 
ing Grip mechanical clutches. 


Call the Transmissioneer, your local Dodge Distributor. Factory trained by Dodge, he can give you valu- 
able assistance on new, cost-saving methods. Look for his name under “Power Transmission Machinery” 
in your classified telephone directory, or write us. 
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specifications requiring 1 gpm at 
100 psi of ethylene glycol and wa- 
ter. Pump permits the design of 
airborne electronic cooling sys- 
tems. It is flange mounted so that 
the motor can be inserted directly 
into the cooling-air duct, using air- 
flow to cool the motor, thereby re- 
ducing weight and size. Maximum 
dimensions are 3 x 3 x 7 3/16 in., 
and weight is 3 lb 9 oz. Eastern 
Industries Inc., 100 Skiff St., Ham- 
den 14, Conn. 
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Miniature Potentiometers 
dissipate 2 w at 60 C 


Microminiature precision  wire- 
wound potentiometers known as 
Acesets, are available in nine re- 
sistance values between 100 and 
25,000 ohms. They offer high sta- 
bility under temperature cycling, 
and dissipate 2 w at 60 C. Units 


incorporate a one-piece, precision- 
machined metal case, passivated 
stainless-steel shaft, and self-con- 
tained locking device, Resistance 
tolerance is +10 per cent. Ace 
Electronics Associates Ine., 99 
Dover St., Somerville, Mass. 
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Induction Motor 
compact ac unit is for 
synchronous applications 


Syncro-Spede synchronous induc- 
tion motor is built in the same 
NEMA frame size as a standard 
motor of equal horsepower. It ac- 
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celerates as an induction motor, 
but runs at exact synchronous 
speed without permanent magnets 
or de excitation. A compact ac 
unit, it offers high power factor 
and efficiency, and is suitable for 


| 





use on many applications requir- | 
ing constant speed with varying | 


load. 
voltage fluctuations, it is suitable 
for precision timing and metering 


Since it is unaffected by | 


devices and for recording instru- | 


ments. Unit is available in ratings 
from 1 to 100 hp in any enclosure, 
and can be foot or flange mounted. 
Louis Allis Co., Dept. P, 427 E. 
Stewart St., Milwaukee 1, Wis. 
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Ceramoplastic 
resists temperatures 
to 1600 F 


Supramica 560 is formulated from 
synthetic mica, which increases 
the temperature resistance of the 
ceramoplastic. It can be used for 
applications requiring excellent in- 


sulating properties and continuous | 


operation at temperatures to 950 
F. Material retains its structural 
characteristics at temperatures as 
high as 1600 F. Mycalex Corp. of 
America, Clifton Blvd., Clifton, 
Ni... 
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Black Nylon Screws 


for subminiature assemblies 


ihe 
er 


f\ 


Molded black nylon screws are | 
available in 2-56 round-head size. | 


(Please turn to Page 214) 


DODGE 


a 2 OR ORS Om 
you 
Tarelsite 
know 


— 


TAPER-LOCK 


SHEAVES 
Easy on—- easy off! Mount flush! 


TAPER-LOCK 
SPROCKETS 


No reboring — no waiting! 


SC AND SCM 
BALL BEARING PILLOW BLOCKS 


"The seal won't blow!”’ 
é 
Write for Bulletins! 


Taper-Lock Sheaves. Drive tables 
and technical data. Bulletin A-661 


Taper-Lock Sprocket and Dodge 
Roller Chain data. Bulletin A-644 


Rolling Bearings—SC, SCM and 
Dodge-Timken. Bulletin A-638 


DODGE MANUFACTURING CORPORATION 
3300 Union Street + Mishawaka, Indiana 


> of Mishawaka, Ind 
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STANDARD ENCLOSED NON-VENTI- 
LATED Tri/Clad ‘55’ motors are designed 
in 1 and 11% horsepower ratings for opera- 
tion under most outdoor conditions and 
in industrial atmospheres containing 
metallic dust, dirt and moisture. As all 
Tri/Clad ‘55’ enclosed motors, these 
motors have rigid cast-iron frames and 
end-shields. Rabbet fits are moisture 
sealed for even greater motor protection. 








your toughest applications! 


MOISTURE-PROOF SEALING COMPOUND ON RABBETS PERMA.NUMBERED LEADS 


General Electric announces new severe-duty 
enclosed motors in ratings from 1 to 5 horse- 
power, giving you a more complete line of 
Tri/Clad ‘55’ enclosed motors to choose from. 


| LIFTING EYE EASY-ACCESS CONDUIT BOX 


SOLID-CAST ROTOR WINDINGS | 





STATOR 






CORROSION-RESISTANT FAN 


Whether you need a standard enclosed, severe-duty, or 
explosion-proof motor, General Electric has the rating you 
need. From G.E.’s complete line—the most complete in the 
industry—you are better assured of getting the ‘“‘right” 
motor for your toughest applications. 

Of course, G-E enclosed motors offer you all the outstand- 
ing features of the Tri/Clad ‘55’ line including Mylar* 
polyester film insulation for longer life, minimum mainte- 
* nance; non-wicking leads and silicone stator coating for 

maximum moisture protection; Formext magnet wire for 
greater protection against heat-aging and abrasive dust; 
and many, many more. 

Because they’re built for better protection, longer life, 
easier installation and minimum maintenance: G-E Tri 
Clad ‘55’ totally enclosed motors are your best buy. 

For more information on the “‘right’”’ motor for your appli- 
cations, contact your G-E Apparatus Sales Office or Distrib- 
utor. Or, write to Section 840-8, General Electric Company, 
Schenectady, N. Y. for bulletins GEA-5980 and GEA-6341. 
For enclosed motors above 5 hp, ask for GEA-6602. 


*Registered Trade-mark of the DuPont Co, 
tRegistered Trade-mark of the General Electric Co, 


GENERAL @@ ELECTRIC 


7R/ 55 CLAD ENCLOSED MOTORS AND WHERE TO USE THEM 


CAST-IRON” FRAME 


PRESSED-STEEL BAN COVER 


POLYESTER FILM SLOT AND PHASE INSULATION 


Standard enclosed fan-cooled Tri/Clad ‘55’ motor. 








Ce — 


EXPLOSION-PROOF Tri/Clad ‘55’ 


motors are designed for safer oper- 





STANDARD ENCLOSED FAN- 
COOLED Tri/Clad ‘55’ motors, de- 


SEVERE-DUTY ENCLOSED Tri/Clad ‘55’ 


motors are available in both fan-cooled and 





signed for operation under the same 
conditions specified for the standard 
enclosed non-ventilated motors, are 
available in ratings from 2 to 5 
horsepower. Features include rugged, 
pressed-steel fan cover; non-sparking 
fan; and pressed-steel conduit box with 
keyhole slots for all-position mounting. 


non-ventilated designs for applications in 
chemical atmospheres and other areas in which 
highly corrosive or excessively moist condi- 
tions are encountered. Available in ratings 
from 1 through 5 horsepower, General Electric 
severe-duty motors feature all cast-iron con- 
struction, external neoprene slinger, and com- 
plete gasketing for greater motor protection. 


Circle 516 on Page 19 


ation in atmospheres containing gases 
or dust which threaten explosion or 
serious damage in the event of an 
electrical spark. G-E explosion-proof 
motors are U. L. listed, and each fea- 
ture a non-sparking fan; long, close 
rabbet fits; sealed lead entrance; and 
dust-tight labyrinth shaft seal. 


No matter what shape your 
pump housings take... 


SOUND THE cat. ror DW EBS D 
BRONZE 


Any shape! Any weight up to 20,000 Ibs. As-cast, semi- 
machined or finish-machined. 


That’s what we offer when you call for pump housings, 
bushings, impellers... of NBD Bronze. Many leading 
manufacturers like the combination . . . find cost- 
saving benefits in our more than 40 specially-developed 
bronze alloys and knowledge of casting techniques. 


We're fully equipped to handle your largest 
requirements, as well as smaller production-run sizes. 
Shell mold, cast-to-size, centrifugal casting are also 
right down our alley. 


Call or write for quote or information. 


AMERICAN | NATIONAL BEARING DIVISION 
Brake Shoe 717 Grant Building e Pittsburgh 19, Pennsylvania 
$ NY 


PLANTS IN: CHICAGO @¢ ST. LOUIS e MEADVILLE, PA. 
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(Continued from Page 211) 


They are suitable for subminiature 
assemblies and other small com- 
ponents. Screws are nonmagnetic 
and retain toughness over a wide 
range of temperatures. Weckesser 
Co., Dept. MDC, 5701 Northwest 
Highway, Chicago 30, IIl. 
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Meter-Relay 


withstands shock and 
vibration to 20 g 


Redesigned Model 126 VHS meter- 
relay (left) is smaller, more resist- 
ant to resonance under vibration, 
and more reliable than its prede- 
cessor. It is actuated by electrical 
changes as small as 0.2 ma or 0.1 
mv, and withstands shock and vi- 
bration to 20 g. Measuring 1 x 
14%, x 1% in., it functions in tem- 


peratures from —50 to 150 F. Sen- 
sitivities extend to 10 amp or 500 
v. Shell is an accurate casting of 
sintered powder iron, and requires 
no machining. Bracket is an in- 
vestment casting of beryllium 
copper. Indicating pointer is part 
of a single stamping with four 
arms, one of them serving as the 
pointer. Base and movement are 
rigidly fastened together. Assem- 
bly Products Inc., Wilson Mills 
Rd., Chesterland, Ohio. 
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Photoelectric Scanners 


miniature units are operated 
by very small objects 


Miniature photoelectric scanners 
provide whole-light-beam interrup- 
tion by 1/32 in. diam objects, mov- 
ing at a fast rate. Heads can be 
installed in a space 2 to 12 in. 
apart. Photocell responds to re- 
flected and direct light. Light 
source operates on 6.3 v, and beam 
has adjustable focus for sharp defi- 
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WHERE POWER CONTROL COUNTS MOST... 


...you'll find 


When perfect power control is essential, 

engineers specify Janette gear motors, 

speed reducers, and variable speed con- 

trol drives, because they are integral 

units—motor and gears are designed for each other— 
then built by one company to assure perfect reliability, 
extra long, trouble-free life. 


Regardless of the product, Janette has the right speed 
at the right power for your particular application from 
1/150 to 72 horsepower, in a wide variety of models 
and in any mounting position. And when your problem 
demands original research and custom design, you 
can draw on the nearly 50 years of Janette engineer- 
ing experience and know-how. 


For additional information you are invited 
to write for bulletin 5-105 -M6 


AneTTe ELECTRIC MFG. CO. 


MORTON GROVE, ILLINOIS 


REPRESENTATIVES AND DISTRIBUTORS 
IN ALL PRINCIPAL CITIES 





SAVE! vn: 


THE RIGHT CONTROL 


There is a right ad Rlcos 
Furnas Electric con- bh. “Cal 
trol for every job. 
Cost and space ad- 
vantage can be 

yours by choosing im 
the contfol design- 


ed for the motor, } cr 
rene i 









































Furnas Magnetic Starters are available 
through Size 4 in 10, instead of the usual 5, 
different sizes from 1 to 100 hp. This pro- 
vides “‘In-Between” sizes, not otherwise avail- 
able, at corresponding price and space ad- 
. vantages. 
2 ep ae ae Ge Ge Ge Ge GF GF 6 OF Ge oe 6 oe oe ee oe ee ee ae ee oe os oe oe 


Drum Controllers—over 1000 models 
available from 1 to 10 hp. for whatever 
application you require. 


Oil Tight Push Buttons for every need. 
Standardization and _ interchangeability 
mean more combinations with fewer parts. 
Complete accessory line. 


Pressure Switches Limit Switches Foot Switches 


FOR MORE INFORMATION WRITE FOR BULLETIN 5418, 
1045 McKEE ST., BATAVIA, ILLINOIS 


y R ‘ 
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nition of light source. Two types 
of miniature photocells are avail- 
able for the light-pickup head. 
Three general types of response 
are possible by choice of electronic 
relays. Farmer Electric Products 
Co. Ine., 2300 Washington St., 
Newton Lower Falls, Mass. 
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Shuttle Valve 


in four sizes from 
ly to 1, in. NPT 


This shuttle valve provides for the 
charging and discharging of pres- 
sure cylinders through the actu- 
ation of any one of two or more 
three-way valves located at re- 
mote-control stations. It prevents 
air from the valve that is being 
actuated from being vented to the 
atmosphere through the exhaust 
ports of the nonactuated valves. 
O-ring seals are airtight and can- 
not be cut in the normal operating 


pressure range. Valve is available 
in 14, 14, 34, and \4-in. NPT sizes, 
for pneumatic or hydraulic control. 
It has threaded ports, and flow di- 
rection is marked to facilitate in- 
stallation. Versa Products Co. 
Inc., 249 Scholes St., Brooklyn 6, 
WX. 
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Synthetic Seal 


for tapered 
roller bearings 


Duo-Face seal combines the fea- 
tures of an outside-diameter seal 
and a face-type seal. One lip op- 
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New ‘Shape-it- yourself” Silastic 
Vulcanizes at Room Temperature 


A new, room temperature vulcanizing 


silicone rubber with excellent handling 


characteristics and durability is now 
available from Dow Corning. 


The new rubber, Silastic* RTV 501, stays 


rubbery from —70 to SOOF and has 
exceptional resistance to moisture and 
weather. 
shown below make Silastic RTV 501 ideal 
for encapsulating electric and electronic 
assemblies and for general potting, seal- 
ing and calking applications. 


Easy to process, the new silicone rubber | 


has a long shelf life and mixes easily with 
the recommended catalyst. The two ingre- 


dients can be blended either manually or | 


mechanically as long as three hours before 
being used. Both the fluid polymer and 
catalyst have a viscosity of approximately 
60,000 centistokes. Silastic RTV 501 cures 
at room temperatures within 24 hours and 
attains maximum physical properties in 
only 2 to 3 days. No. 456 





Typical Properties of Silastic RTV 501 


Serviceable 
temperature range 


—70 to 500 F 
Electric strength, volts/mil .... 300 to 500 


Dielectric constant, 
10? cycles per second 


Dissipation factor, 
10? cycles per second 


Water absorption after 70 hours 
at 212 F, percent 











*T. M. REG. U. S. PAT. OFF 


These and the other properties | 





SILICONE ADHESIVES AID DEVELOPMENT 
OF PRESSURE-SENSITIVE TEFLON TAPES 


With the aid of Dow Corning 274 
Adhesive, the first pressure-sensitive 
adhesive ever developed that will stick 
te Teflon, Minnesota Mining has intro- 
duced a new Teflon-coated “Scotch” 
brand tape with a wide field of poten- 
tial applications. 


Applied to main carrying rollers or 
machines making heavily sized papers, for 
example, this new 3M tape promises to 
eliminate one of the “stickiest” problems 
in the paper industry. Sizing accumulates 
on these rolls so rapidly that repeated shut- 





ALL-NEW REFERENCE GUIDE TO SILICONE PRODUCTS NOW AVAILABLE | 


Most complete reference guide to sili- 
cones ever produced, describes Dow 
Corning silicone products now available 
in commercial quantities: fluids, lubri- 
eants, resins, adhesives, varnishes, 
dielectrics, rubber, water repellents, tex- 
tile finishes, leather treatments, and 
other specialized forms. 


Its 16 pages are filled with data and illus- 
trations suggesting ways in which you can 
cut costs, simplify designs, improve per- 
formance and add new sales appeal to your 


products with Dow Corning Silicones. 
Cross-indexed for handy reference, this 
all-new 1958 Guide 
includes properties 
and uses for the 
> many new silicone 
products developed 
in recent months. A 
“must” for every 
design reference 
file, you can obtain 
your Free Copy by 
circling... No.457 
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downs are necessary to clean them before 
the paper is ruined, or before the build-up 
hardens and must be chiseled off. 
Now, however, by simply half-lap wrap- 
ping the steel rollers with the new Teflor- 
silicone adhesive tape, the sizing is 
repelled and maintenance costs reduced. 
The effectiveness of this wrapping, which 
adds only 3 to 6 mils thickness, is demon- 
strated in the photo above. Note how the 
lead carrying roller on the right, wrapped 
with tape a year ago, is still as clean as 
a whistle. In contrast, the steel-surface 
roller is almost completely covered with 
sizing even though it occupies a less vul- 
nerable position in the line-up. 
Coating the steel rollers directly with 
Teflon would produce a similar effect but 
at a prohibitive cost. The 3M tape is so 
economical that in some cases it has paid 
for itself in a single day’s run! 
Facts about Dow Corning silicone adhe- 
sives: Because of their semi-inorganic 
nature, silicone adhesives have many 
unusual properties. Pressure-sensitive tapes 
based on them stick to almost anything 
including wet surfaces. Silicone adhesives 
possess good strength, are superb electrical 
(Cont. Pg. 2) 
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NEW LITERATURE 
AND TECHNICAL DATA 
ON SILICONES 


Sitastic—in mechanical applications — increases 
life and serviceability of original equipment; 
reduces maintenance and downtime. A completely 
new brochure gives properties and cites applica- 
tions and case histories to help you use this 
versatile silicone rubber to best advantage in 
your application. No.460 


Dow Corning Silicone Lubricants, including oils 
and greases, are described in a new, illustrated 
8-page brochure that gives their properties, 
lists their applications, and cites factors which 
contribute to obtaining longer life. No. 461 


fe 


Silicone Materials in Appliance Design, a recent 
article in ELECTRICAL MANUFACTURING, lists 
a variety of applications for several different 
silicones in appliances, describes how silicones 
have made possible design changes heretofore 
impractical, and how they extend service life 
and dependability. 


Solventless Silicone Impregnating Resins now 
commercially available for electrical and elec- 
tronic equipment, are free-flowing, can be 
blended, and have good pot life. On curing, 
these silicone encapsulating resins set to a solid 
mass having good electrical and physical prop- 
erties; and retain such properties that a service 
life of 10 years at 400 F is indicated. 


Antifoam B, the lowest priced silicone foam- 
killer, has greater stability than any other water 
dilutable silicone defoamer commercially avail- 
able. Antifoam B will not separate, oil out, settle 
or precipitate in most applications; retains uni- 
formity and effectiveness even under adverse 
storage or operating conditions. Ready to use, 
it requires no diluting or pre-mixing. No. 464 


“More Muscles for Tomorrow”—A movie in color 
and sound, gives visual proof of the benefits 
of silicone electrical insu!ation. Silicone insulation 
means increased production, reduced mainte- 
nance, frecdom from over-motoring, and savings 
in space and weight. A folder describing the 
movie and explaining how to arrange for show- 


No. 465 


ings is yours on request. 


No.462 


No. 463 | 
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Because Dow Corning silicone fluids 
retain near-constant viscosity over 
broad temperature spans, they are help- 
ing designers hurdle performance bar- 
riers set by the limitations of organic 
fluids, and thereby open the way to 
many design improvements. 





| Viscosity vs Temperature, Dow Corning Silicone Fluids 


10. 


Viscosity in Contistokes 


25 sO 75 
Temperature, degrees Fahrenheit 
Frequently specified as damping media. 
coupling fluids and compressible fluids, 
silicones have proved successful in such 
designs as torsional vibration dampers, 


in transmitting torque 


Silicone Fluids Make Automotive Components 
Perform More Reliably, More Uniformly 





in liquid springs 


hydraulic couplings, liquid springs, dash- 
pots, delicate gages and instruments. 


Future applications in the automotive, 
aviation and other fie!ds seem limitless 
when you consider the unique basic prop- 
erties of silicone fluids: 530 degrees serv- 
iceable temperature range, — 130 to 400 F; 
great resistance to oxidation and viscosity 
breakdown due to shear; high degree of 
compressibility; low coefficient of expansion. 


Available in many viscosities, Dow Corn- 
ing silicone fluids assure dependable, uni- 
form service under operating conditions 
that cause organic oils and fluids to deteri- 
orate rapidly. No.458 





(Cont. ) 
affected by 
Sev- 


ADHESIVES FOR TEFLON 
and are 
extremes of heat, cold and weather. 
eral manufacturers are now producing sili- 
cone adhesive tapes with special backing 
materials to suit the needs of specific 


insulators, little 


applications. No.459 
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erates in the bearing-housing bore, 
providing an outside-diameter seal. 
The other operates against the 
face of the bearing cup, providing 
face-type sealing. Seal is supplied 
pressed onto the bearing cone, and 
is available on seven different 
sizes of bearings, from 0.750 to 
2.6875 in. Timken Roller Bearing 
Co., Canton 6, Ohio. 

Circle 717 on Page 19 


Adjustable Slip Clutches 


miniature units transmit 
from 0 to 5 Ib-in. torque 


Clutch-couplings are available in 
two mounting types. They have 
an OD of % in. and are 2 in. long. 
Units require no lubrication, and 
are easily adjusted to transmit 


| 
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from 0 to 4 lb-in. torque. Pre- 
cison Specialties Inc., 1342 E. 58th 
St., Kansas City 10, Mo. 

Circle 718 on Page 19 


Elapsed-Time Indicator 


is miniature unit for 
airborne applications 


Miniature elapsed-time indicator 
for military airborne applications 
operates on 28 v de, is shock-re- 
sistant, and is designed to meet re- 
quirements of Wright Air Develop- 
ment Center Exhibit WCLSI-4- 
286222. Unit has plug-in electrical 
connections for standard crystal 
socket. It consists of a miniature 
(Please turn to Page 222) 
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EAGLE 


Microflex reset counter 


makes shutdown and feed-down automatic 


Convert machine tool and industrial processes from manual 
to automatic operation — with this Microflex Reset Counter. 
For example, use it to feed a grinding wheel down after a 
preset number of operations. Or employ it to shut down a 
machine at the desired number of operations. This reset 
counter is ideal for controlling chemical feeding processes by 
shutting down a pump after the desired number of operations. 


The Microflex Reset Counter is actuated by a series of 
electrical impulses. Models are available with 400 and 
1000 count dials. Dial settings easy to make — counting 
range from 1 to 400 in steps of 1 with 100% accuracy. 
On 1000 count range, dial settings are in steps of 1 with 
accuracy of -+1 count. Spring reset in less than 34 second 


on full scale setting. 
MAIL COUPON TODAY 


SOCSSSSSSSSSSSSSCSSSSSSESESS 
© EAGLE SIGNAL CORPORATION 

industrial Timers Division, Dept. MD-1257 
“4 MOLINE, ILLINOIS 


Please send free Bulletin 720 containing full 
data on Microflex Reset Counter. 
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REPUBLIC NYLOK NUTS offer advantages similar 

to those of Nylok bolts. They can be assembled 

from either end with hand or power tools, and : i lf 
lock tight wherever wrenching stops. Holding | Hat | 
power is not affected by vibration. “Plastic 

memory” of nylon pellet gives Nylok nuts excel- 

lent adjustment and re-usability characteristics. 


REPUBLIC 


mEpuBtIC)) olds Widest Range of, Standard Steels 


STEEL 


MACHINE DESIGN 





Self-Locking Nylok Bolts 


Provide Single-Unit Answer to Vibration, 
Liquid-Sealing and Adjustment Problems 


If your bolted assembly must be vibration-proof, liquid- 
tight or adjustable—Republic Self-Locking Nylok® Bolts 
are your best fastener selection. You simply align parts to 
be fastened and turn Nylok bolt into threaded hole. A 
positive lock is provided, whether or not the unit is seated. 


In addition, use of Nylok bolts eliminates lost motion of 
assembling extra locking devices or expensive wiring. 
They can be hand wrenched or power driven to minimize 
fastening time—a tremendous asset in high-volume pro- 
duction runs. 


Locking is accomplished by means of a permanent 
nylon insert in the body of the bolt. This pellet wedges op- 
posite mating threads together to form a vibration-proof 
lock. There is no damage to threads or seating surfaces, 
and the insert’s resiliency allows fasteners to be adjusted 
and re-used repeatedly. Further, when properly seated, 
the nylon insert effectively blocks fluid flow around the 
helix of the threads. Even relatively soft materials can be 
locked to a threaded member using Nylok bolts. 


When you specify Republic Nylok Bolts you secure the 
double protection of Nylok locking plus Republic qual- 
ity, built into each fastener from raw ore to finished prod- 
uct. To find out how you can take full advantage of this 
ideal combination, contact your Republic representative, 
Or mail the coupon for further information, 


STEEL 


and Steck Producla 























ADJUSTMENT problems like this movable plate are readily 
solved using Nylok bolts. The nylon pellet allows bolt to be 
backed off and wrenched tight time after time, without dam- 
age to threads, seating surfaces or holding power. Unaffected 
by age, immune to fungus, pellet won't dry out or shrink. 











LIQUID SEALING properties of the Nylok bolt are demonstrated 
here. Nylon pellet, seeking to regain its original shape, effec- 
tively interrupts space between non-loadbearing surfaces of 
mating threads. Escape of fluid along helical thread path is 
blocked. Nylon’s resistance to moisture and ordinary solvents 
assures permanence of seal. 


VIBRATION has no effect on the locking characteristics of Nylok 
bolts, even when not wrenched tight as shown here. Secure 
grip is provided by nylon pellet permanently imbedded in fas- 

ier body. Continual pressure of resilient nylon forces tight 
\.:etal-to-metal lock between mating threads opposite the pellet. 


r 
REPUBLIC STEEL CORPORATION 


Dept. C- 2704 R 
3130 East 45th Street, 
Cleveland 27, Ohio 


Please send me further information on Republic 
Nylok Bolts and Nuts. 
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Visibly protected by Lancaster! 


Your delicate mechanisms deserve the complete protec- 
tion and visibility that only glass covers can give. They 
permit close visual inspection with maximum safety. 

Lancaster has formula and facilities to meet your 
specific needs in limited as well as mass-produced 
quantities. Write today for complete details, or send 
blueprints for quotation to Lancaster Glass Corporation, 
Lancaster 2, Ohio, 


to brighten your *#Fauuct’s future... 


Circie 523 on Page 19 








New Parts 





(Continued from Page 219) 


de motor applying a_ constant 
torque to a watch-type gear train 
actuating the hands, which indi- 
cate elapsed time up to 2500 hr. 
Speed control is obtained by an es- 
capement. E. Ingraham Co., Bris- 
tol, Conn. 
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Alignment Bolts 


contain nylon or 
thermosetting plastic 


These alignment bolts realign, 
through normal installation, any 
misalignment existing between 
wing panel skins, access doors and 
structure, and heavy stainless-steel 
honeycomb panels and _ primary 
structure. Bolts effect extremely 
high torque values, reduce weight 
approximately 50 per cent, and 
provide a rapid method of instaila- 
tion and removal. Bolts are of ti- 
tanium, type 431 stainless steel, 
and other materials. Standard in- 
ternal hex recess produces a large 
margin over maximum installation 
7 
; 


ly 


torques. A hole is drilled in the 
bolt shank, but not deep enough 
to reduce the section in the necked- 
down area. Hole, from the bot- 
tom of the hex down, is filled with 
nylon or thermosetting plastic. Hi- 
Shear Rivet Tool Co., 2600 W. 
247th St., Torrance, Calif. 
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Vacuum Valve 


is available in four 
standard flange combinations 


Six-inch, high-vacuum valve, desig- 
nated VG-106T, is a quick-acting 
type with unobstructed, straight- 


MACHINE DESIGN 





Why LINK-BELT geared flexible couplings can 


transmit more hp 
per coupling dollar 


INK-BELT geared flexible couplings offer 
an ideal combination of compactness, 
performance and low cost. They’re designed 
for high load capacity, yet cost less because 
they are smaller. 
Hardened steel socket head flange bolts 
—ground for close fit—are the key to com- 
pactness. They permit a smaller fiange. 
Thus, more of the coupling, diameter is de- 
voted to the gear and a larger hub which 
can be bored to accommodate larger shafts. 
In a great variety of coupling applica- 
tions—including those where shock, vibra- 
tion, reversing loads and misalignment are 
encountered—these couplings can be used 
effectively to assure long life and minimum 
maintenance. Popular sizes are available 
Vaiialt with finished bores, packaged and ready for 
7 a installation. For complete details, contact 
@). your nearby Link-Belt office. Or write 
for your copy of Folder 2775. 
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GEARED FLEXIBLE COUPLINGS 








| 2-piece housing design assures 


\ ll HH 


efficient sealing and lubrication 


In operation, the lubricant centrifuges 
WY, : to the working gear surfaces at the per- 
~~ imeter of inside cavity. 





Fiber gasket fits tightly between flanges. 
7. Lubricant can’t escape. 








Hub seal is smaller in diameter than 
Se gear teeth and running level of lubri- 





cant. No leakage is possible—dirt and 


\ CHIT. =o 


Mating gear teeth are constantly lubri- 
4 cated, preventing wear and providing 
long, trouble-free operation. 








LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants, Sales Offices, Stock Carrying Factory 
Branch Stores and Distributors in All Sorte Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville (Sydney), 
N.S.W.; South Africa, Springs. Representatives Throughout the World. 14.484-A 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Inc. 


DYNAMIC AND STATIC LOAD RATINGS 


Load ratings of MICRO bearings are 
based on standards established by the 
Anti-Friction Bearing Manufacturers 
Association and are the result of ex- 
tensive tests. 

The “life” of an individual bearing 
is defined as the number of revolutions 
the bearing makes before the first 
evidence of fatigue develops. Fatigue, 
in turn, is a function of bearing load 
and although other factors, such as 
contamination and high temperature, 
affect the life of a bearing, it is assumed 
that clean bearings running at normal 
temperatures are being considered. 

It is not possible to predict the life 
of any individual bearing. The prob- 
lem, therefore, is best approached by 
a consideration of empirically derived 
dispersion curves which provide a 
means of determining bearing life on 
a probability basis. That is, they per- 
mit the average life of a given group 
of bearings to be accurately specified. 

For purposes of standardization, the 
‘rating life’ of a group of apparently 
identical ball bearings is defined as the 
number of revolutions that 90% of the 
group will complete or exceed before 
the first evidence of fatigue develops. 
This figure is approximately one-fifth 
of the average life. 

If two groups of similar bearings 
are run under different loads F; and F: 
within normal operating range of load- 
ing and rpm, their lives L; and L: are 
inversely proportional to the cubes of 
the loads, i.e., The BASIC LOAD RAT- 
ING C is that radial load whicha group 
of apparently identical bearings can 
endure for a rating life of one million 
revolutions, with stationary load and 
rotating inner ring. Within normal 
operating ranges, rating life for any 
load is a constant number of revolu- 
tions, so the following relationship, a 
restatement of the inverse cube pro- 
portion, may be used to compute rating 
life when basic load rating and applied 

‘radial load are known: 


L= (4) 


L=rating life in millions of revolutions 
where, C=basic load rating in pounds 
P=applied radial load in pounds 
The nomograph illustrated permits 
the quick evaluation of any one of the 
three quantities when the other two 
are known. For example, if the C rat- 
ing of a given bearing is 95 pounds, 
and the bearing is loaded radially with 
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12 pounds, P, a straight edge crossing 
these two values in their respective 
columns shows that the bearing could 
be expected to have a life, L, of 450 
million revolutions. 

“EQUIVALENT LOAD” 
Bearings whose loads are primarily 
radial are usually also subjected to 
axial forces. When the axial compo- 
nent of the load is greater than a neg- 
ligible value, this combined radial and 
thrust load may be expressed in terms 
of a simple radial load in order that 
the basic load rating C may be calcu- 
lated. This simple radial load is known 
as the “equivalent load”, which is that 
constant stationary radial load w hich, 
if applied to a rotating inner ring, 
would give the same life as that which 
the bearing will attain under the ac- 
tual conditions of load and rotation. 

A formula for determining “ equiva- 
lent load” and a more comprehensive 
discussion of static and dynamic loads 
is found in our design handbook. 

DESIGN HANDBOOK OFFERED FREE 
You'll find this new, 70- 
page authoritative pub- 
lication a great help in 
solving problems in de- 
signing instruments or 
small electro-mechani- 
cal assemblies. 

Write to: New Hamp- 
shire Ball ee Inc., 
Peterborough 1, N.H. 


Plain and Shielded Flanged and Shielded 
cs “kK 


Yo S 


Typic x cut-away views of instrument-type retainer ball earings. 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 


District Offices: Pasadena, Calif.; Park Ridge, Ill.; and Great Neck, N. Y. 
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through opening. Slide action is 
actuated by a half-circle handle 
turn. There is no valve-dise con- 
tact until closed, eliminating scuff- 
ing and wear. Closing action is a 
ball-and-socket principle with no 
pins to shear. Load is on the 
socket. Valve is available with 
manual or remote control, in four 
standard flange combinations. The 
thin-design valve has applications 


in vacuum systems for atomic pow- 
er, and in the metallurgical, elec- 
tronic, chemical, instrument, ord- 
nance, plastics, missile, microwave, 
petroleum, and other processing in- 
dustries. Vacuum Research Co., 
420 Market St., San Francisco 11, 


Calif. 
Circle 721 on Page 19 


Snap-Action Switch 


has one-way action 
on two poles 


ES4-DM3 die-cast switch provides 
simultaneous, one-way action on 
two poles, resulting in an elec- 
trical impulse on the inward 
stroke, but not on the return to 
normal position. Snap action of 
the four-circuit switch mechanism 
is totally independent of the speed 
of the plunger movement. The 
double-pole, double-throw switch is 
housed in an aluminum die-cast 
ease with splashproof neoprene boot 


MACHINE DESIGN 





The weldment shown above is the frame for a sixteen cylinder 
Diesel Engine designed for a potential of 5000 H.P. This precision 
piece, and those illustrated at the left are typical of thousands of 
Steel-Weld Fabricated parts and assemblies produced by Mahon 
each year for manufacturers of processing machinery, machine 
tools, and other types of heavy mechanical equipment. If you are 
not now taking full advantage of the economies offered by 
welded steel components in your product, you should give the 
matter serious thought. In the design of almost any type of heavy 
machinery there are parts and sub-assemblies that can be produced 
more economically, more satisfactorily, and in less time, in welded 
steel. In weldments you get greater strength with less weight—plus 
the additional advantages of greater rigidity and 100% predict- 
ability. When you consider weldments, you will want to discuss your 
requirements with Mahon engineers, because, in the Mahon organi- 
zation you will find a unique source for weldments or welded steel 
in any form... a fully responsible source with complete facilities 
for design engineering, fabricating, machining and assembling . . . 
a source where design skill is backed up by craftsmanship which 
assures you a finer appearing product embodying every advantage 
of Steel-Weld Fabrication. See Sweet's Product Design File for in- 
formation, or have a Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY © Detroit 34, Michigan 


Sales-Engineering Offices in Detroit, New York and Chicago 


Engineers and Fabricators of Steel in Any Form for Any Purpose 
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General Electric permanent magnet 
outperforms wire-wound field in 
D-C tachometer generator 


improved Alnico 6 magnet increases 
reliability and accuracy over wide 
ambient temperature range. 


Instruments can determine rota- 
tional speeds from 100 to 5000 rpm 
with an error of less than .05% — 
despite ambient temperatures of 
20° to 50° C. Problem is that these 
instruments are only as accurate 
as the tachometer generators that 
supply their power. 

Conventional generators use cop- 
per windings. This means they are 
dependent on external — and often 
varying — power sources. They are 
adversely affected by wide temper- 
ature changes. And, they are costly 
to repair when windings burn out. 

The 46-frame D-C generator, 
above, gets around these difficulties 
by using a G-E Alnico 6 permanent 
magnet. Here’s why: 

. The G-E Alnico magnet does not 

depend on outside excitation. 

. It supplies reliably constant 
power. 

. Exposure to varying ambient 
temperatures does not affect the 
magnet’s power or dependability. 

. External regulating equipment 
—needed with wire-wound fields 
—is eliminated by the use of 
Alnico magnets. 

. Unlike copper windings, per- 
manent magnets never wear out. 


These advantages, in themselves, 
were enough to make the magnet- 
powered generator a success. 

However, with conventional Al- 
nico 6, plastic-steel was needed 
between the “as-cast” surfaces of 
the magnet and the machined parts 
of the generator to cut eddy current 
losses, and to shield the flux. This 
added to the time and cost of pro- 
ducing the generator; made it almost 
impossible to disassemble for 
normal servicing and maintenance. 

So G-E magnet engineers in- 
creased the coercive force of the 
Alnico 6 magnet by about 7%. The 
need for the plastic-steel “mud” 
was eliminated . . . and so were 
the difficulties of assembly and 
disassembly. 

This generator is just one of the 
many applications where G-E mag- 
nets can outperform wire-wound 
fields for accuracy and reliability. 
And the work of G-E Magnet 
Engineers in improving Alnico 6 
is just one of the many services 
they offer to designers and manu- 
facturers of electrical products. 

For more information about G-E 
magnet engineering services, or for 
your copy of the new G-E Magnet 
Design Manual, write: Magnetic 
Materials Section of General Elec- 
tric Company, 7814 N. Neff St., 
Edmore, Michigan. 
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to protect switching mechanism. 
Switch is suitable for pulsing elec- 
trical control on both pneumatic 
and hydraulic valves and other 
similar installations requiring mo- 
mentary one-way electrical im- 
pulses. It is rated 15 amp 125/250 
v ac, 30 v de. Electro Snap Switch 
& Mfg. Co., 4218 W. Lake St., Chi- 
cago 24, Ill. 

Circle 722 on Page 19 


Adjustable Torque Handle 


controls clamping pressure 
from 15 to 200 Ib 


This adjustable torque handle con- 
trols clamping pressure on jigs and 
fixtures, assemblies, and machin- 
ery. End pressure is easily ad- 


justable from 15 to 200 lb. Tapped 
hole is available in 5/16-18, °4-16, 
and 14-13 sizes. Aluminum handle 
is die-cast with an integral hard- 
ened-steel insert. WVlier Engineer- 
ing Inc., 8900 Santa Monica Blvd., 
Los Angeles 46, Calif. 
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Small Clutch 


handles engines 
up to 4 hp 


Model CL-57 is a small clutch de- 
veloped for garden power tools, 
transmissions, marine applications, 
generators, pumps, and shop equip- 
ment. Weighing 2 lb and occupy- 
ing a space of 21% in., it handles 
engines up to 4 hp. Clutch oper- 
ates on the torsion-spring principle 
and has only three moving parts. 
It requires no end thrust, and de- 
livers high torque at low rpm. It 
rotates in either direction, and 
torque arm can be located in any 
one of three positions. Each posi- 
tion is separated from the alter- 
nate positions by 120 deg, provid- 
ing for attachment to power source 
at any point around the shaft. 


MACHINE DESIGN 
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HARPOON-ACTION FASTENER 
simplifies front mounting 


Thrust this Tinnerman Dart-Type SPEED 
Cu1p* through the front of a panel. Spring- 
steel fingers compress, then expand to 
lock tight, never to loosen until you pull 
the clip out. 


This time-saving Speep Cup feature can 
be combined with other Tinnerman fasten- 
ing principles and almost any spring-steel 
shape. Result—multi-purpose, cost-cutting 
fasteners that solve a variety of fastening 
problems. You eliminate screws, nuts, lock- 
washers, secondary fastening methods. You 
reduce parts handling and achieve a faster, 
smoother assembly-line flow. 


Your Tinnerman representative can 
show you these and many other SPEED Nut® 


Brand Fasteners that can help take 
assembly costs out of your products. Call 
him today. Or write to... 


TINNERMAN PRODUCTS, INC. 
DEPT.12 +» BOX 6688 + CLEVELAND 1, OHIO 





TINNERMAN 


Speed: Nuts 


FASTEST THING IN FASTENINGS® 
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CANADA: Dominion Fasteners Ltd, Hamittoa, Ontario, GREAT BRITAIN: Simmonds Aerocesseries Ltd, Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresaes (Seine). GERMANY: Mecane-Bundy Gabi, Heidetbery, 


227 





YOU CAN DEPEND ON 


SPHERCO 


BEARINGS & ROD ENDS 


Cutaway 
view of 
TRE Male 
Rod End. 


Quality SPHERCO Bearings 


and Rod Ends are precision 
built for superior performance 


There are SPHERCO Bearings and Rod Ends for 
every application! There is a SPHERCC Engi- 
neer in your area tohelp you with your problems. 


SBG 
SERIES 


i BTS 
TR-N TRE SERIES 


TR SERIES TRE SERIES 


YOU'LL WANT FULL INFORMATION ON SPHERCO 
. FEATURES .. . WRITE TODAY 
FOR THIS NEW CATALOG 


NAME 
TITLE 
COMPANY 


ADDRESS 


$900000 


A PRODUCT OF 
SEALMASTER BEARING DIVISION 
STEPHENS-ADAMSON MFG. CO. 


18 RIDGEWAY AVE. «© AURORA, ILL. 
Circle 529 on Page 19 


City 
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Both 5, and %4-in. keyed shafts 
are available. Tru-Torque Sales 
Co. Ine., 11275 Massachusetts 
Ave., West Los Angeles 25, Calif. 
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Silica Glass Tubing 


in bore diameters 
from 1% to 3 in. 


Vycor 96 per cent silica glass tub- 
ing has ID tolerances up _ to 
+0.0005 in. It is available with 
precision bores in diameters from 
’g to 3 in. Maximum length of 
tubing is 36 in. Low thermal ex- 
pansion, excellent dielectric char- 
acteristics, and chemical stability 
give the tubing excellent proper- 
ties for high-standard electronic 
equipment. It withstands extreme 
temperature differentials (to 900 
C) and is unaffected by close con- 
tact with reactive or corrosive ma- 
terials over a long period of time. 
Other uses include measuring de- 
vices in high-temperature work, 
enclosures for high-frequency, 
high-temperature transmitters and 
receivers, and precision resistors. 
Corning Glass Works, Corning, 
iy Aw 
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Electrolytic Capacitors 


are miniature, 
upright units 


Miniature, upright aluminum elec- 
trolytic capacitors have ratings 
from 1% to 680 mf, and voltages 











| 





Hand oiling is costly! It wastes time 
and money ... steals valuable pro- 
duction hours ... means extra 
down-time, fire risk, repair bills, re- 
placement parts and causes product 
damage from excess lubricant. 

But there’s a way to end all this 
waste and worry. A Bijur Automatic 
Lubrication System never forgets a 
bearing ... bearings never are 
thirsty for oil, never flooded. Lubri- 
cation is continuous, exactly right. 
All the hazards of hand oiling are 
banished—automatically! 

Bijur Systems are custom-engi- 
neered for machinery used by prac- 
tically all industries. Every bearing 
receives a clean supply of oil at the 
right time . . . automatically and 
correctly metered to suit its indi- 
vidual needs... while the machine 
is running! Whether for new equip- 
ment you buy, or machines you 
build, insist on Bijur. It’s better— 
by design! @ 1030 


LU BRIC ATING CORPORATION 


Rochelle Park, New Jersey 


Pioneer tn Atileomialic Lubricalion 
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designers choose P-K screws 


-— to match 
the fastener _ 
to the job! 


Joseph Kamys, engineer, J 


P. Seeburg Corporation, 


Chicago, manufacturers of coin operated phonographs 
says, ‘‘Seeburg standards demand attention to every 
detail—quality workmanship and materials throughout 
With Parker-Kalon screws, we can match the fastener to 
he specific application—be sure of dependable results.’’ 


Attachment of metal base molding and kickplate to 
a Seeburg cabinet, in a metal-to-wood application. 
‘Rather than use ordinary wood screws, we power-drive 
P-K Self-tapping Type-A,”’ says Mr. Kamys. “Holding 
power is far better, there’s less chance of wood splitting, 
and fewer rejects at inspection.” 


If you are designing a new product or new model, it will pay 
you to talk with a Parker-Kalon Field Engineer. He can help 
in the selection of proper fasteners, can often suggest ways to 
speed production—cut costs. You can contact him through your 
local Parker-Kalon Industrial Supply Distributor. 


PARKER-KALON DIVISION, General American 
Transportation Corporation, Manufacturers of Self- 
tapping Screws, Socket Screws, Screwnails, Masonry 
Nails, Wing Nuts and Thumb Screws. 


Sold Everywhere Through Leading Industrial Distrib- 
utors. Factory: Clifton, New Jersey—Warehouses: 


Chicago, Illinois, Los Angeles, Calif. 
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Here, metal rims of two high-frequency speakers are 
fastened to a formed, one-piece, plastic housing. ‘In 
this metal-to-plastic application we have not only the 
problem of possible plastic breakage, but the fastener 
used must be highly resistant to vibration. We find 
P-K thread-forming Type-Z screws highly satisfactory.” 


ARKER-KALON 


fasteners 
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When electrically driven equipment 


calls for... 





a special, costlier 
motor to start things 





but only a low-cost 
motor to run them 


Why not try this... 





A National Torque Converter 


with your cost-saving 


to give high starting torque | motor to keep things moving 


National Torque Converters 
give you “big motor” torque 
from small motor investment 





Like a car in heavy traffic, the work- 
cycle of a lot of heavy, electrically- 
driven equipment is stop-and-go, 
stop-and-go. 

If the motor is selected to take 
care of running requirements, it 
won’t have the starting torque 
needed to pick up heavy loading 
fast. If the motor is selected for 
starting requirements, it is likely to 
cost considerably more—both to buy 
and to run. 


The best answer is to install the 
more economical motor—and let it 
drive through a National Torque 
Converter. The converter will multi- 
ply the motor’s torque for picking 
up the loads . . . ease the shocks and 
stresses of operation . . . bring econ- 
omy in first cost and day-to-day 
service. National Torque Converters 
are available in a range of capacities 
from 100 to 1000 HP. For detailed 
technical information, just write: 


THE NATIONAL SUPPLY COMPANY 


INDUSTRIAL PRODUCTS DIVISION 
Two Gateway Center, Pittsburgh 22, Pa. 


Pace-setters In the progress of industrial power transmission 
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New Parts 





from 4 to 150 v. Each capacitor 
may contain up to three individual 
electrode elements. Operating tem- 
perature range is — 20 to 85C. Can 
heights range from 1% to 114 in 
and diameters from 14 to % in. 
Connector pins are positioned in a 
square, and alignment is accurate- 
ly maintained to permit automatic 
insertion in printed-circuit boards. 
Case is sealed with epoxy-casting 
resin. Magnavox Co., Bueter Rd., 
Ft. Wayne 4, Ind. 
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Multispeed Transmissions 


have capacities from 
1 to 60 hp 


Models 240 and 540 transmissions 
have selective gears in four, six, 
and nine ranges of speed. Stand- 
ard high-to-low output ratios vary 
from 4.7:1 to 8:1, with maximum 





12.4:1 step-down. Step-up ratio 
of 1:8 is possible in certain appli- 
cations. Standard units have ca- 
pacities from 1 to 60 hp. Applica- 
tions include use on road machin- 
ery, oil or water-pumping rigs, 
conveyors, testing machines, tex- 


tile frames, rolling mills, wire- 
drawing spindles, oil core-drills, 
and paper-making rolls. Turner 


Uni-Drive, 3484 Terrace St., Kan- 


sas City 8, Mo. 
Circle 727 on Page 19 


Nonreset Counters 


have nylon 
ratchet components 


Small, cylindrical-case nonreset 
counters have case diameter of 
0.790 in. with mounting flanges at 
the figure window or at the bot- 
tom (shown). They are available 
with from three to six figures, 
0.163 in. high, in white on a black 
background. Drive shaft is % in. 
in diam and projects from left or 
right-hand end of case. Revolu- 
tions can be counted at a maximum 


MACHINE DESIGN 








m4 


which CaPlug will protect 





Ee <a 


WANT TO SEAL OPENINGS IN A JIFFY? 


Tapered (non-threaded) CaPlugs can be 
used as caps or plugs, inside and outside of 
threaded or plain fixtures. Just push them 


on... or push them in. Costing less to buy, 
these versatile closures cost less to apply. 
Time studies show that tapered CaPlugs 
save up to 500% in labor costs. 


WANT TO ADD SALES APPEAL ?. 


Colorful CaPlugs spruce up your product 
and reflect the care you have taken to keep 
delicate systems free of dirt, moisture or 
foreign matter. This Bristol air control 
instrument is a good example. Says The 
Bristol Company, “They are sturdy enough 
so that they are not accidentally dislodged, 
but are still easily removable.” 
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WANT TO KEEP FITTINGS UNDER WRAPS? 


See how CaPlugs seal out dust and protect 
fittings of this refrigeration valve during 
shipment. Says Automatic Machine Prod- 
ucts Sales Co., “It is important that the 
valve be free from contamination, since a 
large percentage of refrigeration systems 
are hermetically sealed and guaranteed for 
five years. CaPlugs are easy to install and 
afford the protection we desire.” 


CAPLUGS FIT PRACTICALLY ANY 


your product best? 


write for this free sample kit and see! 





¥ 


WANT TO PROTECT DELICATE THREADS? 


Kiekhaefer Corp. guards the threads on the 
“Ride Guide” steering controls of its Mer- 
cury outboard motor with threaded style 
CaPlugs. Here’s long-lasting protection . . 
the customer can reuse the CaPlugs when 
storing his motor. Made of tough, flexible 
Polyethylene, CaPlugs are especially kind 
to threads and polished surfaces — will not 
collapse, chip, break or shred. 


CLOSURE NEED YOU CAN NAME. 


Ten standardized designs (both threaded and non-threaded) are stocked in over 500 


sizes to give you low-cost protection for tubing, fittings, valves, hydraulic components 


and machined parts of every description. Your immediate requirements can be met 


promptly with “off-the-shelf” deliveries from a multi-million inventory. 


CAPLUGS DIVISION, PROTECTIVE CLOSURES CO., INC., 2201 Elmwood Ave., Buffalo 23, N.Y. 


RUSH a free CaPlug sample kit, literature and prices to us, without obligation. 


NAME 
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THE NEW “BELL RANGER” 
HELICOPTER USES HE!Ni 
UNIBAL ROD ENDS 


Model 47-J is the latest helicopter to be introduced to the 
commercial market by Bell Helicopter Corp., and has been 
named the Bell Ranger. It is a four-place, executive type 
machine with a deluxe interior or a series of quick-change 
cabin arrangements for cargo, litter, and internal hoist con- 
figurations. 

HEIM Unibal Rod Ends were chosen for the linkages in 
the carburetor heat and mixture control installations, and 
in the main rotor stabilizer bar assembly. The rods link 
hydraulic dampers to the bar, which provides exceptional 
stability to the flight characteristics of Bell helicopters, acting 
like a gyroscope and, through mixing levers, keeps the rotor 
plane of rotation in its pre-established flight path. 


THE HEIM Untbal is the spherical bearing 


which corrects misalignment in every direction because of 
the universal movement of the ball — Reduces friction and 
lost motion in linkages — Eliminates the effects of vibration 
— Lowers assembly costs because of its quick and easy instal- 
lation — Carries heavier loads. 


Perhaps Heim can help solve — or simplify — your 
linkage problems. Feel free to write. Be sure each engi- 
neering and purchasing department has a Heim catalog. 


THE HEIM COMPANY iz Fairfield, Connecticut 
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New Parts 





FROM FOOTE BROS. 


Var/-Mount 
VARIABLE SPEED MOTORIZED DRIVE 








oF _CWARIABLE | | aa ten STANDARD 
of 1000 per min, or count can be ADJUSTMENT Hl a MOTOR 
recorded at 1000 per min with RANGES FROM 
shaft input of 100 rpm. Two types | 3:4 te 6:1 
of ratchet action are available. 
Ratchet components are nylon for 
self-lubrication, low inertia, and 
positive action at high speed. All 
counters return to zero after max- | ' 
imum count has been reached. 4 4 Output RPM from 
Units are available from Techni- | 1 to 15 HP ‘ oa a 712 to 2.5 Depending 
craft Co., 6221 Ridge Ave., Phil- | y\ ; 7?) ae a 
adelphia 28, Pa. on Ratio and Speed 
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Piloted Air Valves 


for use with air or 
other noncorrosive gas VARI-MOUNT—the new Variable Speed Motorized Drive offers infinitely 
variable speed selection, greater flexibility of operation, wide adaptability, 

Solenoid valve-piloted air valves | easier maintenance and the sound design you expect from Foote Bros. 
‘ : With a Vari-Mount, you can use your own motor—old or new NEMA 
incorporate twist-type manual ac- Standard—or, the unit can be supplied with any standard motor of your 
tuators which permit control and | choice. The Vari- Mount Reducer incorporates Duti-Rated Lifetime Gear- 
operation of the air cylinder dur- | ing with file-hard tooth surfaces and tough, ductile cores for maximum life 
‘ : and efficiency. 
ing set-up and try-out of the con- Positive handwheel control of the adjustable pilley permits pin-point 
trol system. The single and dou- accuracy in — ae — the brag a. age et yp om ha 

Me : . equip wi emote or Automatic speed selection devices if required. 
ble-solenoid valves are full pres rt a loaded, solt-conbeving. Variable Wlinw end siassummabed ta tes 
design insures permanent belt alignment, smoother performance, and 
minimum overhung load on motor bearing. No thrust load is imposed on 
motor bearings at any speed or during speed changes. 

Quick belt changes made possible by the wide-open design of the Vari- 
Mount, together with easily accessible lubrication fittings make mainte- 
nance an easy matter. 


3 TYPES — 7 standard mounting positions 


pit te 


sure piloted and are available in 
1, to \%-in. sizes for use with air F. 
or other noncorrosive gas. Beck- VERTICAL 
ett-Harcum Co., Wilmington, Ohio. FLANGE 
Circle 729 on Page 19 MOUNTED UNITS 

















aL a 


wna OUTPUT SHAFT OUTPUT SHAFT OUTPUT SHAFT 


Conductivity Cell HORIZONTAL VERTICAL HORIZONTAL 
determines impurities in 
free-flowing liquids 


New conductivity cell, designed to | : ‘ Dutt-Ratez 8 3 
b ted directly on the main | this tredemerk = neiyal : 
pains y stands for the finest \\~ /; —? q 


<3 


process line of free-flowing liq- industrial gearing made ~~Z<2 ZG 7 5 = — 


uids, consists of a hollow glass cyl- 1. M. REG. U. S. PAT. OFF 


inder containing two electrodes | gQOTE BROS. GEAR AND MACHINE CORPORATION 
(Please turn to Page 236) 4567 SOUTH WESTERN BOULEVARD - CHICAGO 39, ILLINOIS 
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WARNER ELECTRIC CLUTCHES EASILY CONTROL 
COMPLEX MOTIONS OF AUTOMATIC PINSETTER 

















Electric Motion Control Improves Ax 
Automatic Performance, Gains 
Class II Eiectrical Approval 


Here's how a manufacturer of automatic duckpin setters broke a 
bottleneck preventing use of the machine in many cities... im- 
proved machine performance . . . and reduced installation and service 
costs with Warner Electric Motion Control. The first pinsetters made 
by Crompton & Knowles Loom Works, Worcester, Mass. for Sherman 
Enterprises, Worcester, were equipped with mechanical transmission 
and braking controls ... complex in operation, requiring extensive 
adjustment at installation and frequent service while in use. In addi- 
tion, the voltage demand of the mechanically controlled units was 
so high that Underwriters’ Laboratories refused approval, causing 
many cities to withhold operating licenses. 


Use of Warner Electric Clutches was the solution to Crompton & 
Knowles’ problems. The low operating voltage of the Warner system 
gained UL Class II Signaling Circuit approval . 
came greatly simplified . . 
reliable and precise . . 


.. installation be- 
. the timing sequence and operation more 
. and field service greatly reduced. 


Warner Electric Motion Control systems offer you pushbutton, 
centralized control integrated with your machine’s electrical circuit 

. expand the uses of all types of automatic control devices... 
give you the exact operating characteristics needed to do every job 
better, at lower over-all cost. You get faster, more precise starts and 
stops ...and you benefit from simplified design and installation. 
Use the coupon on the next page to obtain the complete story on 
Warner Electric Motion Control. 


EASILY SOLVES 
POWER PROBLEMS LIKE THESE 


Automobile Air Conditioning— Automatic 


control provided by Warner Clutch has stationary 
magnetic field mounted on compressor seal plate 
and rotor keyed to compressor shaft with arma- 
ture-pulley mounted on rotor hub, Pulley driven 
by engine crankshaft. Clutch field is energized by 
thermal control coupling armature and pulley, 
driving compressor. Control releases clutch when 
proper temperature is reached. 


Stand-By Power Plant—Electric Clutch is 
mounted on shaft between heavy flywheel of 
continuously running electric motor alternator and 
gas engine. Power failure or drop disengages 
motor from prime supply and energizes field, en- 
gaging flywheel with engine. Inertia of wheel 
starts engine, preventing power interruption or 
variance, Sequence occurs i tly with only 4 
or 5 volt lag for a few seconds on 110 volt lines. 


ry 





Heavy Truck Fan Clutech—Clutch armature and 
fan are mounted on stationary shaft adjacent to 
rotor and pulley assembly. Integral rotor and 
pulley turn continuously. Field is mounted on water 
pump. Thermal switch in water cooling system ener- 
gizes field, attracting armature and driving fan. 
Intermittent operation makes more horsepower 
available to the vehicle and provides faster 
warmups in cold weather. 











Bobbin Resistor Winder—Unusval use of 
Warner Brake on wire guide carriage. Brake is 
energized continuously to hold worm gear station- 
ary as it traverses machine's screw. When brake 
is de-energized at end of winding operation, 
worm gear is released, returning carriage to start. 
Second brake on spindle stops winding at exact 
preset turn. Two Warner Clutches control winding 
ond reversing traverse, 
Circle 536 on Page 19 














b When bowler steps on 
switch at the head of the 
alley, this Warner Clutch 
ond timer arrangement 
activates the sweep arm to 
clear “dead” pins from 
the alley. 


2 The pin table which 
places the pins in position 
or lifts them while sweep 
arm cleans alley is pre- 
cisely controlled by this 
Warner Electric Clutch ar- 
rangement, 





3 Pins lifted from the alley 
pit are received by the 
distributor table and de- 
livered as required to the 
pin table. This Warner Elec- 
tric Clutch actuates the de- 
livery table sequence, 


Beat competition with 
ELECTRIC BRAKES 
AND CLUTCHES 


Warner Electric Brake & Clutch Co. 
Dept. MD, Beloit, Wisconsin 


Please send me copy of your new 
Condensed Catalog No. 6212. 


Name 
Company_____ 
Address__ 


a 











Zone____State 
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SCREWS 





. « « because with high quality fas- 

teners your product earns a reputa- 

tion for better performance and 

longer life service. Experience proves 
that the initial higher cost 
of quality components is off- 
set time and time again by 
such things as operating ef- 
ficiency, good appearance, 
better accuracy, etc. 


Better Steel means Better Quality 


The carbon steel heading wire used in the production of 
standard Hubbell Screws is A.I.S.I1. Grade C-1010. Special 
application screws with higher strength or torque value re- 
quirements are produced from A.I.S.I. Grades C-1013, C-1020 
and C-1035. Those subjected to drilling or subsequent tapping 
operations are produced from A.I.S.I. Grades C-1108 or 
C-1110. 


Ail carbon steel wire used in the production of Hubbell 
screws, regardless of grade, is annealed in process material 
to specified tensile strength and is drawn to restricted size 
tolerance to insure the high Hubbell standards of quality and 
size in the finished screws. 


OVER 


HARVEY 60 


YEARS’ 
EXPERIENCE 
in the manufacture of 
i hy C highest quality, rolled 
| ° thread machine screws 
, and special 
; HIGHEST QUALITY cold headed parts. 
WIRING DEVICES * MACHINE SCREWS 


MACHINE SCREW DEPARTMENT BRIDGEPORT 2, CONNECTICUT 


New Parts 
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(Continued from Page 233) 


and an automatic temperature 
compensator. The electrodes and 
the thermistor for temperature 
compensation are embedded into 
the cylinder, which is encased in a 
metal housing. Automatic tem- 
perature compensator will function 
up to 400 F; without automatic 


compensation, temperatures can be 
as high as 1000 F. Cell is used 
to determine the amount of im- 
purities in free-flowing solutions. 
Available pipe sizes are °4, 1%, %4, 
and 1 in. Instrument Div., Rob- 
ertshaw-Fulton Controls Co., 2920 
N. Fourth Street, Philadelphia 33, 
Pa. 
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Speed-Deviation Recorder 


has accuracy to 
1/10 of 1 per cent 


Type HE speed-deviation round- 
chart recorder is designed for use 
in processes where it is necessary 
to maintain constant speed, such 
as in the manufacture of nylon or 
other synthetic fibers, and in the 
steel, rubber, paper, and chemical 
industries. Unit has accuracy to 
1/10 of 1 per cent. It indicates 
and records per cent deviation 
from a predetermined adjustable 
speed. Deviations as sma!l as 0.01 
per cent can be read easily on a 
highly expanded chart and scale. 
Recorder has high reliability in 
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MACHINE DESIGN 





DO YOU 
KNOW ABOUT 





LLL. 7, 
NXQnanss NW 
sss 430: 


The above diagram is “typical’’ only. Gask-O-Seals are 
elso made with one-side seals 


©. *—the O-Seal O«@ 


lock-O-Seal * 
Gask-O-Seal ®_ 
Stat-O-Seal * 
Bolt-O-Seal ® 
Riv-O-Seol ® 
Bonj-O-Seal ® 


Termin-O-Seol ® 
gy °o ° 


° ° 


If you do not know about Gask-O-Seals look at these facts: 
Gask-O-Seals will seal practically any processable fluid . . . 
Gask-O-Seals can be re-used .. . 


Gask-O-Seals will seal at low or high pressures, vacuum or 
positive ... 


Gask-O-Seals are available as standards and as specials in almost 
any configuration or to meet special requirements. 


They are recommended for flanges, gear doxes, transfer cases . 
any place where truly efficient static seals are needed. 


Note: A recent development of the Gask-O-Seal principle indicates effective sealing in 
the temperature ranges of — 400° to +1000° for specific applications 


FRANKLIN C. WOLFE CO. 
Culver City, California 
“sealing design specialists” 


A DIVISION OF Parker, APPLIANCE COMPANY 


Hydraulic and fluid system components 
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FAST’S 
Model B 
Coupling 





Sleeves \ "4 \\ 
supported “SS JY) 
on hubs “~”“ “— 








Positive 
lubrication 


Unique \s\ 
centering > 








reduces downtime and upkeep 
for light-to-medium drives! 


Now you can profit from the durability 
and economy of famous Fast’s couplings 
in a smaller and lower-cost version— 
available in 3 sizes for shafts up to 254” 
in diameter. 

The Model B coupling gives you the 
same features that have made Fast’s the 
world’s leading coupling for over 35 
years. You get the same trouble-free per- 


Engineered Products 


Sold with Service 





formance, longer service life and lower 
maintenance costs. You also get prompt 
delivery because stocks are on hand to 
meet practically every need. Free engi- 
neering service is also available. 

Write today for more details to 
Koprpers Company, Inc., Fast’s Coup- 
ling Dept., 3512 Scott Street, Balti- 
more 3, Maryland. 








For Systems Reliability 


~ 


Phillips relays are advanced-design sub- 


PHILLIPS 
SUB- 
MINIATURE 
RELAYS 


ability, 


miniatures produced with the meticu- 
lous care required for service under 
severe conditions. Cqmbining depend- 
compactness, 
ruggedness. Proven by years of appli- 
cation. Write for literature on these 
and other relays, available in a perma- 


lightness and 


nent, three ring binder. 








New Parts 





continuous operation, and is un- 
affected by vibration normally en- 
countered in industrial plants. In- 
dustrial Dept., General Electric 
Co., West Lynn, Mass. 
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Air-Tight Fastener 


for use where doors are 
sealed against a gasket 


No. 25 compression-type fastener 
is used for any air-tight, light- 
proof, or vibration-resistant appli- 
cation, such as where doors must 
be sealed against a gasket. Cad- 
mium-plated fastening unit con- 
sists of a sliding, pivoted latch 


which is tightened down under the 
compressive action of a thumb 
screw. Torit Mfg. Co., Walnut & 
Exchange Streets, St. Paul, Minn. 
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Silicon Rectifier Diodes 


for all power applications 


Three silicon power rectifier diodes 
are hermetically sealed units pro- 
viding de forward currents to 1.6 
amp with maximum peak inverse 
voltage to 800 v. They are de- 
signed for all types of power ap- 
plications. Maximum forward volt- 
age drop at 1 amp and 125-C case 
temperature is 1.3 v. Maximum 
operating frequency is 50 ke. Rec- 
tifier case is the positive terminal. 
Type 305 has a stud base for 
through mounting, Type 320 has a 
pigtail base, and Type 321 has a 


Phillips Control Corporation, Joliet, Ulinmols — an acvtiep PAPER CORPORATION | 
SUBSIDIARY — SALES OFFICES: NEW YORK - PHILADELPHIA - BOSTON - SAN FRANCISCO - DENVER - SANTA 
MONICA - WASHINGTON - WINSTON SALEM-~ CLEVELAND - DALLAS - SEATTLE-~- KANSAS CITY - ST. LOUIS - DETROIT 
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- Waldes T Truarc Retaining Ring eliminates 7 parts, saves $8. 88 
in sub-assembly of aerial reconnaissance camera 


Gordon Enterprises, No. Hollywood, California, saved 
the Navy almost 11/2 million dollars on 500 cameras. Gordon 
rebuilt new, efficient “CA” series out! of Navy-owned obso- 
lete models. Critical parts are now held together by Waldes 
Truare Retaining Rings. 


Truarc Rings are trouble-free, will not change position dyring 
operation. Accuracy is limited only by 
groove and ring dimension tolerances. 
And standardized Truarc Rings are 
quickly interchangeable in overhaul 
which now takes only 11 minutes, can 
be handled by unskilled technicians. 

















Weight Saving: 7.25 oz. 








Assembly Time 
Saving: .....6%2 min. 





























a 








DOLLAR SAVINGS: 


Material .......$ .93 





























Alternate design o 


Truarc 5100-287 ring retains shutter speed 
adjustment mechanism on the Lens Adapter 
Plate Assembly which mounts and locks the lens 


Whatever you make, there’s a Waldes Truarc Ring de- 
signed to save you material, machining and labor costs, 
and to improve the functioning of your product. 


In Truarc, you get 


Complete Selection: 36 functionally different types. 
As many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes. All types avail- 
able quickly from leading OEM distributors in 90 stock- 
ing points throughout the U.S. and Canada. 


Controlled Quality from engineering and raw mate- 


For precision internal grooving and undercutting... 


i 


ae WALDES 


\\ 


RETAINING RINGS 


WALDES KOHINOOR, INC. 
47-16 AUSTEL PLACE, L.1.C. 1, N.Y. 


Truarc design ly 


and shutter assemblies accurately to camera 
body. Alternate design required retaining 
washer, spring, collar and 4 locking screws. 














Fabrication ..... 6.88 














Inspection ...... 1.07 


—_—_ 


Total $8.88 


rials through to the finished product. Every step in manufac- 
ture watched and checked in Waldes’ own modern plant. 


Field Engineering Service: More than 30 engineer- 
ing-minded factory representatives and 700 field men 
cre at your call. 


Design and Engineering Service not only helps you 
select the proper type of ring for your purpose, but also 
helps you use it most efficiently. Send us your blueprints 
today...let our Truarc engineers help you solve design, 
assembly and production problems...without obligation. 


Waldes Truarc Grooving Tool! 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1, N.Y. 
Please send new, descriptive catalog showing all 
types of Truarc rings and representative case his- 
tory applications. 


(Please print) 
Name 

Title 

Company 

Business Address ptae 


Zone ..... State 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2.441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
2, 544, 631; 2,546, 616; 2,547,263; 2,558,704; 2, 574,034; 2, 577, 319; 2. 595,787, and other U. S. Patents pending. Equal patent protection established in foreign countries. 
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A TALENT FOR INVENTION: Leroy® Lettering Equipment—a 
K & E development—insures perfect neatness and uniformity, yet it is 


simple to operate and requires no special skill or training. One man can | 


start a job and another finish it without any variation in lettering. 


This K&E equipment comprises three basic, precision engineered 


parts: Leroy template, Leroy pen and Leroy scriber. Capitals, lower 
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plain base without pigtail. The 
cells are also available in com- 
plete rectifier bridge assemblies. 
Westinghouse Electric Corp., P. O. 
Box 2099, Pittsburgh 30, Pa. 
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Hydraulic Cylinder 


is dual-speed unit 





| Thrust-O-Matic cylinder provides 


| aiternating speed and power cycles 
| in the same basic unit, employing 
|a single pump and motor. Com- 
| pletely self-contained, it is equipped 
with automatic valving. Shift from 
| low-power, high-speed stroke to 
high-power, slow-speed stroke is 
effected by means of spring-loaded 
| valves in the head, responding to 
| increases and decreases in system 
| pressure. Unit is basically a three- 
chambered cylinder. Two _ high- 
speed chambers are located around 


| a third cylinder. Cylinder operates 
on the outer, high-speed chamber. 
| When load increases,- inner cham- 
ber becomes operative to provide 
maximum power at slower speed. 
When load drops, outer chamber 
becomes operative again. Oppos- 
ing outside chamber provides high- 
speed retraction of the cylinder. 
Crown Engineering Corp., 4700 
Washington Ave., Houston §, Tex. 
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case, numerals, vertical or forward slanting letters can be drawn from | 


a single template—an exclusive K& E feature. You can buy templates, 
pens, and scribers separately or in convenient sets. 


Leroy templates offer a variety of alphabets, sizes and graphic symbols. 
Electrical, mathematical, mapping, geological and other symbol tem- 
plates are available. Templates, with words or phrases that are fre- 
quently repeated, as well as templates with your own symbols, trade 
marks or designs, can be made to your order. 


To save time and money in your drafting room specify K & E Leroy® 
Lettering Equipment. For other drafting or engineering equipment 
and materials also look to Keuffel & Esser Co.—your “Partners in 


’ 


Creating’’—who have served engineering for 90 years. 
IX —_ 
aa Be 
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KEUFFEL & ESSER CO. new York, Hoboken, N.J., Detroit, 


Chicago, St. Louis, Dallas, San Francisco, Los Angeles, Seattle, Montreal. 
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| Motor-Generator Sets 


400-cycle units 
have new exciter design 


| Motor, alternator, and armature of 
the direct-current field-pole exciter 
are mounted on a common shaft 
in redesigned 400-cycle motor-gen- 
erator units. Design permits the 
exciter armature to be supported 
by the generator end bearing. 
Sleeve in the armature core fits 
over an extension of the main 
shaft, permitting two-bearing con- 
struction. Illustrated is a 15-kw, 
400-cycle unit. Input is’ 25-hp, 
220/440-v, three-phase, 60-cycle, 
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9 Look to Ginn in 5S 


for NEW answers to your control “puzzles” 


Most important, these new valves will give you 
performance and applications that heretofore have 
not been possible ! 


Coming soon — several completely new solenoid 
valve lines loaded with such features as... 


Lower prices 

Greater capacities @ Higher pressures 
Long life expectancy—millions of cycles 
Diversified applications 

Wide selection of media handling 


And these are but a few of the many new advantages 
of Skinner’s new solenoid valves. As always, of 
course, they'll be strictly manufactured to Skinner’s 
highest-quality engineering standards. 


Look for the announcements of Skinner’s new 
valve lines in these pages throughout 1958. For 
advance information, write Dept. 42D. 
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FILTRATION Crginceved 10 MEET 
METAL WORKING NEEDS 


a Complete Line of Filters 


including AUTO-KLEAN 
and SUPER AUTO-KLEAN 


@ POSITIVE PROTECTION .. . for 
Coolant Systems, Lube Oils, Hy- 
draulic Fluids, Chemicals and cther 
Process Fluids 
WIDE FILTRATION 
RANGE .. . with spac- 
ings from .020” to .0015” 

(40 microns) 

SMALL SIZE with HIGH FLOW 
RATE ... unit only 12” high handles 
over 50 gpm 

SELF-CLEANING WHILE OPER- 
ATING .. . without interrupting 
flow 

ALL-METAL CONSTRUCTION ... 
carbon or stainless steel 
AVAILABLE . . . for direct-sump 
mounting or for separate in-line 
housing. Easy to build into, or add 
to, any machine or system. 


* Only Cuno offers you a truly complete line 
that includes several distinct types of filter 
media. Cuno also offers you a complete applica- 
tion engineering service through a Cuno Field 
Engineer conveniently located in your area. He 
is qualified to help you select the right filter 
type and model to solve your problems. 


WRITE NOW FOR FULLY DESCRIPTIVE PROD- 
UCT LITERATURE .. . Free Auto-Klean Bulletins 


will be sent to you by return mail. 


CUNO ENGINEERING CORPORATION 
14012 SOUTH VINE STREET, MERIDEN, CONN. 
TELEPHONE: BEverly 7-5541 
EDGE-TYPE, WIRE-WOUND, SCREEN, FIBER CARTRIDGE wl 
and POROUS METAL cc . 
FILTERS 


Seer ee 
BOP tn eee els 
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squirrel-cage induction motor. Out- 
put is 15-kw, 18.75-kva, 80-per 
cent power factor, 120/240-v, single 
or three-phase, 14-pole, 400-cycle 
revolving-field alternator. Unit op- 
erates at 3428 rpm. Kato Engi- 
neering Co., 1415 First Ave., Man- 
kato, Minn. 
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Antibacklash Gears 


in 4 to 14-in. bore 
diameters 


Type P antibacklash spur gears 
are available in 24 to 200 pitch 
and have bores from 1% to 4 in. 
in diameter. Materials are stain- 


L 


less steel, aluminum, and bronze. 
PIC Design Corp., 477 Atlantic 
Ave., East Rockaway, N. Y. 
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Thermal Ribbons 


electrically detect 
surface temperature 


Thermal ribbons are suited for use 
in aircraft, missiles, electronic 
equipment, and other applications. 
They detect electrically the tem- 
perature of the surface to which 
they are attached. Ribbons are 
extremely flexible and have negli- 
gible thermal lag. Resistance ele- 
ment of high nickel content alloy 
wire is encased in a flexible outer 
covering. Less than 0.020 in. 
thick, ribbon can be cemented to 
flat, cylindrical, or irregular sur- 
faces. Self-adhering types are 
also available. Ribbons operate 
over wide temperature ranges, at 
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Dyna-1oRO. 


MAGNETIC- FRICTION CLUTCHES, BRAKES, 
CLUTCH-BRAKES, (CLUTCH-COUPLINGS 








The Eaton Dyna-torQ electro-magnetic friction units 
include a number of unique design advancements 
which provide longer life and superior performance 
with less maintenance. Check the following important 
advantages: 





1 Extremely Rapid Response in Clutching and Brak- 
ing—makes Dyna-torQ units ideally suited to a wide 


range of manual and automatic cycling applications. 


Smooth, Shockless Engagement—permits rapid opera- 
tion without backlash or chatter. 


Highly Effective Cooling—maintains lower operating 
temperatures; permits fast, repetitive actuation. 


Self-Adjustment—automatically maintains proper clear- 
ance between armature shoes and field magnet. 


Simple, Accurate Control—manual or automatic; may 
be had to operate on 110, 220, or 440 volt, 60 cycle, 
alternating current. 


Low Maintenance Costs—result from unique design 
; features and superior quality of construction, assuring 
CLUTCH long operating life and minimum down-time. 








Eaton Dyna-torQ Clutches and Brakes are elec- 
trically operated, disc-type friction units having 
two basic components: a field magnet and an 
armature. Torque is transmitted as the magnet 
pulls the armature into engagement. Because the 
pull of the magnet is direct without intricate link- 
age, and the movement of the armature is slight, 
Dyna-torQ units are capable of extremely rapid 
response in clutching or braking. 

Ask us to tell you how these Dyna-torQ units 


: 4 BRAKE CLUTCH-BRAKE faRiid mae etc 
will fit your equipment. 






WIDE RANGE OF SIZES AND CAPACITIES 
Send for Illustrated Descriptive Literature 


———————- DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE ~ KENOSHA, WISCONSIN 
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<> Duff-Norton Jacks — 


Ratchet Jacks, Screw Jacks, Hydraulic Jacks, Special Worm Gear Jacks, 
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CLOCK “WISE ROTATION 
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JACK FILLED WITH HIGH 
PRESSURE GREASE 


> po 




















| 


—— PHOSPHORUS BRONZE 
WORM GEAR 


TOP SHOULD BE BOLTED 
TO LIFTING MEMBER TO PREVENT 


W FROM TURNING MACH. STEEL SCREW 
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Here is a device which 
every machinery designer 
should know about... 


DUFF-NORTON WORM GEAR JACKS 


Duff-Norton worm gear jacks provide a purely mechanical means 
for accurate positioning of loads weighing as much as several 
hundred tons and maintaining them indefinitely without creep. 
They will operate in any position, and functioning as components 
of machinery and equipment they can raise and lower loads, 
apply pressure or resist impact. Jack capacities range from five 
to 50 tons. When.two or more jacks are connected by means of 
shafting and mitre gear boxes they lift in unison, even when 
the load is unevenly distributed. They are available with stand- 
ard raises up to 25 inches, and will provide exactly the same 
raise for years without adjustment. Worm gear jacks are suitable 
for operation at ambient temperatures up to 200°F. 

Thousands of these jacks are in use on feeding tables, tube 
mills, welding positioners, pipe cut-off and threading machines, 
testing equipment, aircraft jigs, loading platforms, rolling mills, 
conveyor lines, arbor presses, and numerous other types of 
equipment. If you have a positioning problem, write for com- 
plete information, requesting bulletin AD-34-V, which includes 
drawings and full specifications. 


DUFF-NORTON COMPANY 
P. O. Box 1889 « Pittsburgh 30, Pennsylvania 


COFFING HOIST DIVISION: Danville, Illinois 


Ratchet Hoists, Electric Hoists, Load Binders, Spur Gear Hoists 
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high altitudes, and under severe 
physical conditions. Minco Prod- 
ucts Inc., 740 Washington Ave. 
North, Minneapolis 1, Minn. 

Circle 737 on Page 19 


O-Ring Compound 
for use with 
fuel-gas equipment 





O-ring compound, designated 760- 
70, provides excellent service in 
low-pressure fuel-gas accessories 
and equipment, and in the equip- 
ment involved in the manufacture 
or distribution of bottled pressure 
gas. It is also used for seals with 
gasolines where service conditions 
are not too critical. The syn- 
thetic-rubber compound has high 
resistance to gases, oils, and gaso- 
lines. Material is for service in 
propane and butane gases, gaso- 
lines of all types, including auto- 
mobile engine fuels, and for fuel 
oils, including No. 6. Precision 
Rubber Products Corp., 3110 Oak- 
ridge Drive, Dayton 7, Ohio. 
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Test-Point Jacks 
for shallow assemblies 


Types SKT-2BC and SKT-5BC 
test-point jacks are shortened ver- 
sions for use in shallow assemblies. 
They have identical dimensions, 
but take 0.080 and 90.090-in. diam 
pins or plugs, respectively. Bush- 
ing body diam is 0.185 in., 0.218 
in. for the front face; overall 
length, including lug, is 7/16 in. 
Machined contact members of 
beryllium-copper gold flash over 


ISS to/ 
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WIRE-WOUND, 
VITREOUS-ENAMELED 


POWER RESISTO RS «== industry’s most complete line 


WELDED RESISTANCE WIRE Ohmite 
Resistors have the resistance wire 
welded to the terminals instead of 
EXCLUSIVE soldered or brazed. This provides a 
cer let tect y fe perfect and permanently stable elec- 
trical connection that is unaffected by 
vibration or high temperature. 


WELDED TERMINALS Another Oh- 
mite Resistor feature is the welded 
terminal band. The band is perma- 
nently held together around ceramic 
core by means of welding, providing 
a strong, permanent fastening. 


STRONG CERAMIC CORE This 
WELDED TERMINALS strong, rugged core has excellent elec- 
AND RESISTANCE WIRE trical characteristics, and is unaffected 
by cold, heat fumes, or high humidity. 


EXCLUSIVE HIGH TEMPERATURE VIT- 
REOUS ENAMEL This special-form- 
ula enamel was developed by Ohmite 
after extensive research. Its thermal 
expansion is properly related to that 
of core, terminal, and resistance wire. 


CERAMIC CORE 


Ohmite offers resistors in more than 

60 sizes—ranging from 214” diameter 

* by 20” long to 14” diameter by 9/16” 

long—to meet your exact require- 

Zz ments. MANY SIZES ARE CARRIED 


HIGH TEMPERATURE 
STEATITE CORE IN STOCK. 


Ohmite offers the most complete line 
of wire-wound, vitreous-enameled 
POWER RESISTORS on the mar- 
ket ... fixed, adjustable, tapped, 
noninductive, and precision resis- 
tors in many sizes, types of terminals 

. available in a wide range of 
wattages and resistances. 


Write on company letterhead 
for Catalog No. 40. 


BE RIGHT WITH 


RHEOSTATS + RESISTORS « RELAYS + TAP SWITCHES 
TANTALUM CAPACITORS * VARIABLE TRANSFORMERS 


CHMITE MANUFACTURING COMPANY 
3618 Howard Street 
Skokie, Illinois 
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here’s how HI- LO helps 


Design-wise, HI-LO automatic variable speed pulleys help you 
reduce complex design wegagt Functionally, they’re frat ciithce of of 
or 


many design engineers 
positive action of cam followers on cams is t: 
action that takes place i 
regardless of load—an exclusive feature of HI-LO pulle 
in HI-LO b serene are not driving members as in most 
spring-loa 

faces in contact with the 


a wide range of i agony otek ay simple, 
in maintaining the fre prin to setting 


s. Springs 


ed pulleys, but meee primarily to keep the fie 


For FREE technical ‘mamale with diagrams, descriptions of 


applications and other power transmission data, write: 


Equipment Engineering Company 


2855 Columbus Ave., Minneapolis, Minnesota 
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When you need trouble-proof adhesion between 
a rubber compound and metal, count on GOR- 
BOND, Goshen’s exclusive bonding process. It’s 
tops for bonding rubber and metal to meet today’s 
exacting tolerance, materials and performance 
specifications. We'll gladly work with you on even 
the toughest bonding problem. 


ASK FOR LITERATURE 


GORBOND Technical Bulletin No. 
9, and this 8-page brochure tell 
how Goshen Rubber can help you, 
They’re free. 


Goshen Kt 


1712-7 S. TENTH ST. 
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CUSTOM_DEVELOPMENT AND’ FABRICATION SINCE 1916 


GOSHEN, INDIANA 
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NATURAL 
SYNTHETIC 
& SILICONE 


RUBBER PARTS 
AND COMPONENTS 


ust 
TO YOUR EXACT 
SPECIFICATIONS 


This is GORBOND 


. this combining 
of rubber and metal, 
in a unit having the 
desired properties of 
strength, resiliency, in- 
sulation, and longev- 
ity ... to meet 
specific service re- 
quirements. 


Pe our catalog i 
-roduct Design File 
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silver provide a firm grip for in- 
serted pin or plug. Teflon body 
provides excellent insulation for 
a wide range of climatic and op- 
erating conditions. Both types are 
available in eight RETMA code 
colors. Sealectro Corp., 610 Fay- 
ette Ave., Mamaroneck, N. Y. 
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Miniature Bell Timer 


for built-in 
timer applications 


Miniature Mark-Time bell timer is 
adaptable to a variety of indus- 
trial equipment or _ appliances 
where a bell signal is desired at 
the end of a specific period of time. 
Timer is available in timing ranges 
from 60 sec to 5 hr. It is de- 
signed for built-in timer applica- 


\ 4 


| 


L 


tion, and can be mounted in loca- 
tions where space is not available 
for conventional-sized units. M. H. 
Rhodes Inc., 30 Bartholomew Ave., 


Hartford 6, Conn. 
Circle 740 on Page 19 


Air-Pressure Switches 


operate in de or 
single-phase ac circuits 


Series RG18040 switches are for 
use in all types of airborne radar 
pressurization sets, and are intend- 
ed for pressure-level control by 
direct connection to the air pump 
motor electrical circuit. They also 
operate low - pressure warning 
lights and _ interlock controls. 
Switches are single-pole, double- 
throw units, providing control 
under increasing or decreasing 
pressures, and operate in either de 
or single-phase ac circuits with 
current load of 10 amp resistive. 
They perform without chatter over 
full operating pressure range, at 
any implied vibration frequency 
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Progress in designing air systems: 


Here’s an 

automating idea: 
Schrader Air Products 
in a precision pro- 
gramming operation 


PROBLEM: To print bottle caps accu- 
rately at high speed. 


PROVED IN OPERATION: Prominent silk screen printer puts Schrader 
products to work at a profit. 











CAP BEING PRINT \ 
(ON FREE-TURN 6 FIXTURE) ‘a 


NO. | Pry 
tH} WAY GaLve | | 





= | 


REGU : 
LATOR, i 
}L+ 


a ae CONT ROL Cm it 

Fixture holding plastic cap on freely rotating fixture is held 
up against silk screen by Schrader cylinder. Another Schrader 
cylinder pushes screen sideways over the freely rotating cap, 
imparting the printed message. 


Fixture with printed cap moves down, back-up clamp retracts 
and screen cylinder returns to initial position. Operator removes 
printed cap and loads another unimprinted cap. 





SCREEN CYLINDER 


UNPRINTED CAP 
ADVANCED 


Fixture | 
CYLINDER 





“PILOT VALVES —~ 


3 Schrader cylinder advances fixture upward loaded with un- 
imprinted plastic cap. Back-up clamp starts downward toward 
silk screen. And cycle starts all over again. 





This is but one precision operation of the limitless 
operations which can be controlled fast, economi- 
cally and accurately by Schrader Air Products. The 
hundreds of different units in Schrader’s complete 
line can be employed alone or in combination to 
perform stamping, programming, forming, measur- 
ing, squeezing—other jobs too! And wherever air is 
used, economy is basic. 

Test the performance of all your machines 
against the efficiency that could be achieved with 
air. Schrader engineering facilities are available to 
help you. Outline your problem to us and assist- 
ance will be prompt. Right now, mail the coupon. 





_—— 


e division of SCOVELE, 











QUALITY AIR PRODUCTS 


December 12, 1957 


A. SCHRADER’S SON ° Division of Scovill Mfg. Co., Inc. 
476 Vanderbilt Avenue, Brooklyn 38, N. Y. 


Please send latest informative booklets which show Schrader’s com) 
plete line of Air Control Products. 
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EGYPTIAN DEITIES, 
Fatimas and Harems 


No, these aren’t out of Arabian Nights, 
but were contemporaries of Murads, 
Condaxes, Richmond Straight Cuts and 
Sweet Caporals —all popular cigarettes 
of fifty years ago. Their sale was still 
illegal in several states, but where you 
could buy them they cost from 10c to 
15¢ a package of 20 down south (where 
the popular brands used Virginia to- 
bacco) to 15¢ to 25¢ a box of 10 up 
North (where straight Turkish tobaccos 
and cork tips were favored). They were 
a relatively new “fad” and considered 
by many to be objectionably “sporty”. 


In the ensuing fifty years the popular 
attitude towards cigarettes has changed 
considerably — and so have the ciga- 
rettes. As cigarette manufacturers have 
learned how to improve their product 
over the years, so have we learned a /ot 
more about making better gears than 
anyone knew back in 1907. In fact, 
we've made a lot of progress just in the 
past ten or fifteen years. What about 
your present source of custom gears? A 
re-examination may show that it will 
pay you now more than ever to rely on 
Cincinnati Gear for your custom gear 
requirements. 


THE CINCINNATI GEAR CO. 
CINCINNATI 27, OHIO 
Fifty Years of Gears— Good Gears Only” 
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from 10 to 500 eps, and 10 g ac- 
celeration. Pressure setting can 
be adjusted externally. Pressure 
adjustment ranges are provided 
from 24 to 100 in. Hg absolute, 
and from 0 to 25 psi gage. Lear- 
Romec Div., Lear Inc., Elyria, 
Ohio. 

Circle 741 on Page 19 


Toggle Pads 


for use on any 
standard screw 


Screwzon swivel toggle shoe pads 
can be used on any standard or 
stock screw without machining or 
altering. Spring insert in each 
pad holds the screw on, but per- 
mits swivel pad to turn easily, with 
universal action of 8 deg in any 
direction. Toggle pads are avail- 


Kg 
SCe 


able in 5/16, 3¢, and 1%-in. sizes in 
hardened, black-oxide and unhard- 
ened, cadmium-plated types. Stand- 


ard Parts Co., 1010 Broadway, Bed- 
ford, Ohio. 
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Blower Unit 


for flow ranges 
from 500 to 1500 cfm 


Radiax mixed-flow 


drive unit with power and pres- 
sure characteristics suited for fur- 
nace and air-conditioner applica- 
tions. It is available in four mod- 
els covering flow ranges from 500 
to 1500 cfm against typical back 
pressures. Flat power curve per- 





blower is a | 
symmetrically constructed, direct- | 





Y motor orrers 
ADAPTABILITY 


This compact 4-pole shaded 
pole induction motor gives you 
a wide choice of horsepower, 
voltages, frequencies, starting 
torque, mounting provisions 
and other modifications. Stand- 
ard models have horsepower 
ratings from 1/30 to 1/200 hp; 
free speed 1700 rpm; load 
speeds 1400 to 1700 rpm; 115v, 
60 cycle, CW or CCW; high or 
low starting torque. Mounting 
provisions are 2 or 4 stud, flat 
strap, or saddle strap. Modi- 
fications include end or side 
ventilations; internal fan. Other 
voltages and frequencies are 
available. Typical applications 
are for vending machines, fans, 
aquarium pumps, etc. 

The Y Motor is just one of 
many models in the compre- 
hensive line of Heinze Sub- 
Fractional Horsepower Motors 
and Blowers. Send us your 
product and _ specifications. 
Heinze Engineers will adapt a 
motor at no obligation. Or write 
for catalog. 


edd tL® ELECTRIC COMPANY 


685 Lawrence St., Lowell, Mass. 
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Ketos shaft being induction hardened to Rockwell 55-56, while ends remain soft for final machining. Photographed at Control Instrument Co., Inc., Brooklyn, N. Y. 


KETOS has wide hardening range 


with minimum volume change... 


Ketos is a low priced alloy tool steel that can be hardened from 
low temperatures with practically no volume change. It has 
deep hardening qualities, and a fine grained structure, that 
make it desirable for many production parts. 

That’s why nondeforming Ketos is well suited not only for 
most tool steel applications such as gauges, dies, and taps but 
also for close-tolerance, wear-resistant parts like the actuator 
bar shown in the induction heating unit above. The thin con- 


tact edges of this particular part withstood a “life test” of over 
4-million high speed blows. No other steel tested lasted more 
than 1-million cycles before it chipped and failed. 

If Ketos sounds like the steel you should be using, call your 
nearby Crucible warehouse. Stocks of Ketos and dozens of 
other special tool steels are large, delivery fast. Crucible Steel 
Company of America, The Oliver Building, Mellon Square, 
Pittsburgh 22, Pa. 


first name in special purpose steels 


Crucible Steel Company of America 


Canadian Distributor — Railway & Power Engineering Corp., Ltd. 
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Specify NUMATICS VALVES 


... there are no “equivalents” 


sajeicall 


MANIFOLDS 


DSA34 valves mount inter- 
changeably with all other SA 
Series air valves on Numatics 
air and conduit manifolds. 


LINE 
VALVES 


Numatics makes a complete 
line of foot-mounted, line- 
mounted 2- and 3-way valves, 
too. Ask for Bulletin #4000. 


Today’s control demands, particularly in 
automation applications, require a host of 
unusual air circuits . . . emergency stop 
inching circuits, dumping both ends of 
cylinder to exhaust, pressurizing both cylin- 
der ports, to mention a few. The valves for 
jobs like these? Numatics spring-centered 
DSA34 valves . . . the valve series that gives 
you split-second response, takes pressure 
surges without sticking or fluttering. 
Numatics DSA34 valves are offered, what’s 
more, in a wider variety of sizes and actions 
than any similar valves now on the market. 
Want more details? Send for Numatics new 
Bulletin #558A on unusual circuits using 
3-position valves. 


NUMATICS, Inc. 


HIGHLAND, MICHIGAN Dept. MD 
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mits impellers to run at any op- 
erating point with the same mo- 
tor. Motor need not be changed 
for operation in another system. 
Both motor and fan are resilient- 
ly mounted. Torrington Mfg. Co., 
Torrington, Conn. 
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Industrial Solenoids 


permit quick coil change 
without use of tools 


Series S ac short-stroke industrial 
solenoids are available in five mced- 
els giving 3 to 20 lb force at 14- 
in. stroke. They are available in 
push or pull types with either end 
or side-mounting plates. Coils can 
be changed in position quickly, 
since no tools are needed. Slip- 
ping the plunger out permits im- 
mediate replacement of coil. Large 


ig 





plunger striking surface reduces 
load concentration, increasing so- 
lenoid life. Ex-Cel Coil Co. Inc., 
2832 E. Grand Blvd., Detroit 11, 
Mich. 
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Reciprocating-Shaft Seal 


withstands temperatures 
to 575 F at 4000 psi 


Reciprocating - shaft, nonmetallic 
seal uses Teflon for sealing. Teflon, 
machined to a wedge shape, is 
compressed against the shaft. 
Brass membranes or spacers sep- 
arate inner and outer wedges to 
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Allen-Bradley Line: 


of MOTOR CONTROL 


> it oy 


RELAYS AND 


Bulletin 200, Type G Relay. 
Rated: 5 amp, 64 v; 2 amp, 
125 v; 0.5 amp, 250 v. 


Bulletin 202 Contactor, 
Size 2, 1 Pole. Rated: 50 
amp, 115-230 v. 


D.C. relays are made with up to 8 poles. Also universal types, having 
contacts changeable from N.O. to N.C.—or vice versa—by merely 
reconnecting the terminals. Up to and including the 150 ampere rating, 
D.C. contactors are of the solenoid type; beyond this rating, up to 
and including 600 amperes, the clapper type construction is used. 


,ACROSS-THE-LINE STARTERS 


Bulletin 600, Form 52, 
double pole only, open 
type. Max rating: % hp, 
115-230 v. 


Bulletin 209, Form 2. Max 
rating: 1% hp, 115 v; 2 
hp, 230 v. 


D.C. manual starters have a rugged, snap action mechanism that pre- 
vents contact “teasing” and thus prolongs contact life. D.C. manual 
and solenoid starters have maintenance free, double break, silver alloy 
contacts. Motor overload protection is reliable. 


Bulletin 700, Type C. 
Rated: 10 amp, 550 v max. 


Bulletin 702, Size 2, 3 Pole. 
Rated: 50 amp, 550 v max. 


A.C. relays are made in different types for various applications, with 
up to 8 poles. The universal type, having contacts changeable from 
N.O. to N.C.—or vice versa—is very popular. The A.C. solenoid con- 
tactors, made in 9 ratings up to 900 amp, 550 v max., will satisfy 
any service requirement. Silver alloy contacts are used throughout 
the D.C.-A.C. solenoid relay and contactor lines. 


Bulletin 709, Size 1. Rated: 
72 hp, 220 v; 10 hp, 
440-550 v. Same general 
construction for max rat- 
ings of 300 hp, 220 v; 600 
hp, 440-550 v. 


Bulletin 600 in general 
purpose enclosure, com- 
plete with reliable over- 
load breaker. Rated: 1 
hp, 110-220 v. 


All Allen-Bradley A.C. motor control is equipped with silver alloy con- 
tacts which are always in good operating condition. Because all A-B 
solenoid starters have only one moving part, trouble free performance 
and long life are automatically assured. It is the basic reason for Allen- 
Bradley's “quality” reputation. a 
4 
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‘Allen-Bradley motor conTROL 
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BULLETIN 267 are time limit, resistor type starters for 


automatic acceleration of constant speed shunt and compound 
wound D.C. motors. Solenoid contactors used up to and including 
Size 4 ratings. Max ratings: 75 hp, 115 v; 150 hp, 230 v. 


> 
BULLETIN 268 are time limit resistor type starters for 


automatic acceleration of adjustable speed shunt and compound 
wound D.C. motors. Designed for heavy duty service. Both Bulletin 
267 and 268 starters available with or without dynamic braking 
feature, and also for reversing service. Max ratings: 75 hp, 115 v; 
150 hp, 230 v. 


The Allen-Bradley quality line is not limited to alternat- 
ing current motor control. A companion line of direct 
current motor control is available with the same out- 
standing quality . . . the same reliability . . . the same 
ability to "take it.” Both lines are described and listed 
in our latest A-B Handy Catalog, and our trained field 
engineers will also be glad to help you with your con- 
trol problems. 

You cannot make a mistake when you insist on Allen- 
Bradley control. 





BU L L ETI Re 74 oO are graphite resistor type starters for auto- 


matic acceleration of squirrel cage A.C. motors. Made with 1 or 2 
points of acceleration. Can provide velvet smooth acceleration for 
squirrel cage motors. Max ratings: 200 hp, 220-440-550 v. 


BULLETIN 983 high tension starter illustrated above is 


of the reactor type, intended for starting synchronous motors, Avail- 
able as an autotransformer reduced voltage starter; also in the 
across the line construction. The heavy duty, solenoid air break con- 
tactor assures long, trouble free life. Max ratings: 1500 hp, 2300 v; 
2500 hp, 4600 v. at 0.8 P.F. 


-BRAR 
NOID MOTOR CO OL 


— om n uA LITY =< a 


Allen-Bradley Co. 
1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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prevent welding. Seal withstands 
temperatures to 575 F at 4000 psi. 
Skinner Seal Co., 3001 Sutter St., 
Santa Ana, Calif. 
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Footless Motor 


for direct connection 
to driven equipment 


Uniclosed footless motor, designed 
for direct connection to driven 
equipment, is supplied with a 
NEMA C bracket for automatic 
alignment. Motor is available in 
ratings from 1 to 30 hp. Deflector 
directs air and deflects water. Cast- 
iron, one-piece frame is heat-treat- 
ed to prevent warpage, and is com- 
pletely dripproof. Windings are 
asbestos protected. Split-type con- 
duit box for easy access to motor 
leads can be located above, below, 


or on either side of motor. Rotors 
are solid cast and dynamically bal- 
anced. U.S. Electrical Motors Inc., 
Box 2058, Terminal Annex, Los 
Angeles 54, Calif. 
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Silicon Transistors 


are for use in 
medium-power circuits 


Two diffused-base silicon medium- 
power transistors have dissipation 
ratings of 4 w at 25-C and 1 w at 
150-C case temperature. Both 
transistors have an_ operating 
range of —65 to 200C. They are 
well adapted to high-temperature 
switching applications because of 
high peak currents. Units are en- 
cased in short, round-welded pack- 
ages and differ only in collector- 


December 12, 1957 


SHAFT 
MOUNTED 


WORM GEAR 


SPEED 
REDUCERS 


SERIES “ST” 


Torque Arm Type > 


Now you can specify Winsmith performance, 
dependability and economy for applications 
requiring a shaft mounted speed reducer. 


The new Winsmith “ST” and “SF” series 
require less space than conventional models 
because they eliminate the need for couplings 
and bed plates. Both series are currently avail- 
able in three sizes...in ratios from 71:1 to 
77:1... horsepower from .63 to 8.82... max- 
imum output torque range from 816 to 7678 
in. lbs. 


These new shaft mounted models also embody 
all the advanced engineering and construction 
features that make Winsmith Speed Reducers 
first choice for any application from 1/100 
to 85 h.p. 


SERIES “SF” 


q Flange Mounted Type 


/ NEW. fron Wikre 


eee eece! 
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WRITE ...FOR NEW 


CATALOG 


For al! the facts and 
complete technical 
data on Winsmith 
Shaft Mounted, 
Worm Gear Speed 
Reducers, write 
today—on your 
company letterhead, 
please — for Catalog 
No. SM-57. 


WINSMITH, INC. 16 Elton Street, Springville, (Erie County), N. Y. 


Circle 556 on Page 19 


253 





FREE TEST SAMPLES Show How 


MINI-MITE 
miniaturized SET SCREWS 
cOosTs! 


EB 


Blowup shows precision 
made MINI-MITE Set 
Screws with perfectly 
formed beads which 
a@sssure easy insertion 
of driving tools. 


For miniaturized appli- 

cations Setko MINI-MITE Set Screws can cut your costs 
in four important ways. Reduces initial cost, no extra 
charges are incurred because of special design. Increases 
production rates because MINI-MITES are made with 
watch makers precision, threads mesh precisely—insert 
perfectly. Cuts down on rejects in sub or final assembly 
because of consistent uniform quality. Immediate avail- 
ability in Slotted, Socket and Socket Cap types in sizes 
#0, #1, #2 and #3 and in a wide selection of metals, 
finishes, lengths and points to choose from. 


FREE TEST SAMPLES Send Today for your Free test 
samples of MINI-MITES or send your 
ef specifications and we will send samples. 


crevy 28 Main Street, 
&RAFg.Co. Bartlett, illinois 
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SODECO’s New Type 11D 


Electric Impulse Counter— 


FOr: NORMAL COUNTING... 


TRANSMISSION OF A NUMERICAL INDICATION 
REMOTE PRESETTING FOR PREDETERMINING CONTROL 


You can use these rugged single decade 

counters independently as decades or 

interdependently as a multi-digit counter 

to get practical solutions to an ex- 

tremely wide variety of counting prob- 

lems. Ten different contact arrange- 

ments are available to solve a number 

of problems. For example, an interesting application is the use of any num- 
ber of decades as a remote predetermined counter in which any preselected 
number can be set up quickly from a remote location and made to operate a 
signal at either or both locations when the count returns to zero. In this ap- 
plication, if desired, the preselected figure could be set up from a punched card. 
The counters are small, measuring only %” x 1%” x 43”, and are suitable 
for flush mounting. Fast, models are available with speeds up to 25 impulses/ 
second. Power requirements are low—permitting their installation in electronic 
circuits. Long lived, tests indicate certainty of operation up to at least 50 
million impulses. 
Complete technical 
data is available, in- 
cluding circuitry 
recommended for a 
wide range of use. 
Write for Bulletin 
60. 


LANDIS & GYR, INC. 


45 West 45th Street, New York 36, N. Y. 
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to-base and _ collector-to-emitter 
voltage ratings. The 2N497 is a 
60-v transistor, suitable for use 
with 28-v power supplies employed 
in military aircraft. The 2N498 is 
a 100-v device for use in higher 
voltage applications, such as servo 









































amplifiers and regulated power 
supplies for missile applications. 
Texas Instruments Inc., P. O. Box 


312, Dallas, Tex. 
Circle 747 on Page 19 


Thermoplastic Material 
has high tensile strength 


Delrin is a thermoplastic material 
which can be molded or extruded 
for a wide range of engineering ap- 
plications. It is a tough, rigid ma- 
terial with high tensile strength, 
high melting temperature, dimen- 
sional stability, and resistance to 
deformation under stress. Applica- 
tions include automobile parts, in- 
dustrial machinery, packaging, 
electrical equipment and appli- 
ances, pipe, and plumbing fixtures. 
Plastic is odorless, white, and 
opaque. It can be compounded 
into a range of colors. Material 
has a hard, smooth surface, and 
in many cases makes a good bear- 
ing material without lubrication. 
E. I. duPont de Nemours & Co. 
Inc., Wilmington 98, Del. 
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Cable Clamp 


for large-diameter 
coaxial cable 


One-piece, ringlike clamp with two 
U-shaped lugs is used to attach 
solderless connectors to large-size 
coaxial cable. When slipped in 
place over the cable and fitting, it 
is crimped tight by squeezing the 
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Air conditioning heat pumps are made stronger and lighter by General Electric with economical Lukens pressed heads. 


Ingenuity pays off... 
designing with Lukens heads 


g@ Ingenuity ... and four Lukens heads... meant consid- 
erable savings and increased strength in these General 
Electric Weathertron heat pumps. Designers at General 
Electric’s Air Conditioning Division, Bloomfield, N. J., 
eliminated the need for expensive castings by making 
the pump compressor housings of Lukens heads, pressed 
to extremely fine tolerances. Fitted together they result 
in stronger and lighter units. 


Whether you make heavy or light machinery, valves, 
wheels, or pumps, Lukens heads may be the answer to 
a costly fabrication problem. Designers have been using 
them for years. Lukens’ fifty-five years as the leading 
producer of spun and pressed heads for many applica- 
tions are at your service. Write today for Catalog 933, 
“Pricing and Engineering Data; Lukens Steel Company, 
Coatesville, Pennsylvania. 


Lukens Offers the World’s Broadest Line of Spun and Pressed Heads of Carbon, Alloy and Clad Steels 
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chain drives in action 


f * 


help clean 
dirty streets 


Around sharp corners on highways, parks, streets, alleys, Mobil- 
Sweepers cut street-sanitation costs 45%. And, do it with low 
maintenance expense. These efficient vehicles, built by the Con- 
veyor Company in Los Angeles, eliminate extra pick-up and haul- 
ing equipment. They sweep from 114 to 10 m.p.h.... carry away 
full loads at truck speeds. And, reduce street-sanitation to a simple, 
safe, one man operation. 


To insure such performance Cullman chains and sprockets are 
used throughout. They rotate the sweeping brooms and drive the 
conveyor that feeds dirt into the hopper. Operating under wet or 
dry abrasive conditions they overcome shock loads, extend equip- 
ment service life, lower upkeep costs. 


here’s how chain drives can work for you... 


On your products too, Cullman chains and sprockets can achieve 
similar advantages, help deliver top performance. Next time you're 
faced with a power transmission problem write direct or call in a 
Cullman man. He'll be glad to assist you . . . and recommend the 
right chain drive for your job. 
For the full story on the Culiman power trans- 
mission line — roller chains, sprockets and 


flexible couplings, write today for catalog 
No. 51, or see your local Cullman Distributor. 





POWER TRANSMISSION 
“* ROLLER CHAINS AND SPROCKETS 


REPRESENTATIVES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 
CULLMAN WHEEL COMPANY, 1336 ALTGELD STREET, CHICAGO 14, ILLINOIS 
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parallel sides of the lugs together 
with pincers. Clamp has a nomi- 
nal diameter of 7% in., and is zinc- 
coated SAE 1010 steel. It is 0.35 
in. wide with a wall thickness of 
0.059 in., to provide rigidity and 
support to ends of cable. Clamp 
is available in 20 sizes from 14 to 
254 in. ID, and in larger sizes on 
request. Circle Clamp Corp., 39 
Broadway, New York 6, N. Y. 
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Pipe Plugs 
are cross-slotted, 
headless units 


Slip-Proof pipe plugs are cold-rolled, 
cold-formed, dryseal-threaded units 
which adapt themselves readily to 
automation. They are available in 
sizes from 1/16 to 1 in. in steel, 
aluminum, brass, stainless steel, 
and everdur. The cross-slotted, 





headless units are furnished in 
breather vents with porous bronze 
insert, or permanent Alnico mag- 
net attached. Pipe Plugs Inc., 
Wellington, Ohio. 
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Subminiature Switch 


has overtravel 
plunger actuator 


USMJ-1 subminiature switch is de- 
signed to provide the advantages 
of panel mounting plus overtravel 
plunger actuator. It mounts in a 
l,-in. hole and fits into back-of- 
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They are rings formed, fiosh butt- 
welded, and shaped into the finest 
quality circular weldments available. 
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1 Go 
They are rings that offer savings of critical 
materials. Bar stock formed and flash welded 
uses considerably less material than rings 
made by other methods. 


They are rings that offer additional manu- 
facturing savings.Since the rings are closer 
to the desired finished cross section, it is 
less expensive to machine them to a final 
dimension. Oh yes, Amweld will machine 
them for you. 


They are rings made by a company with 
experience in design. We can help you 
select a mill-rolled or extruded shape 
that is even closer to the finished ring 
dimension. This can give you additional 


savings. 


Yes, Amweld flash-welded rings can 
give you extra profit from savings on 
material and machining time. Amweld 
rings can be made of most weldable 
ferrous or non-ferrous metals in sizes 
from 4 to 96 inches. 


AMERICAN 
Aa Beli. fe 
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~NEW: Formsprag 
Sealed Clutch Series 


Now available—the new series “B” and 
“C” Formsprag Ball Bearing Sealed 
Clutches — designed for backstopping, 
indexing and low speed over-running 
where inner race over-runs. 

The “B” is intended for over-running 
applications where both races rotate dur- 
ing some portion of the operating cycle. 
The “C” series should be selected if the 
application is one of indexing or if the 
outer race is to be fixed, as in a back- 
stopping application. 


LOCKS LUBRICANT IN 


Available in bore diameters ranging from 
214” to 514”, these new clutches have 
torque capacities from 1875 to 11,600 
ft.-lbs. So you get unusually compact 
power transmission, the ultimate in ac- 
curacy, and exceptionally long service 
life. What's more Formsprag clutches 
may be reconditioned twice before obso- 
lescence at a fraction of the cost of a 
new clutch. 


CHECK THESE CAPACITIES 





Maximum 
bore 
diameter 


Torque 
capacity 
lb.-ft. 


Maximum 
over-running 


Model No. speed RPM 





FSB-700 900 
FSB & FSC-750 600 
FSB & FSC-800 600 
FSB & FSC-900 600 
FSB & FSC-1000 500 


1,875 
3,160 
4,200 
6,000 
11,600 


2%," 
2%" 
3" 
4" 
3%” 
































MORE 


Sprags are an advanced design of 
precision wedges made of hardened 
alloy steel. Utilized in a clutch, they 
increase the efficiency and prolong 
the life of all equipment using an 
over-running clutch or ratchet. 


The sprag is, in effect, a “‘roller’’ of 
increased diameter with greater 
contact surface in a given annular 
space—therefore, of increased 
torque capacity. 


Designed for backstopping, indexing 
and low speed over-running service 
where inner race over-runs. Form- 
sprag will make selection of either 
‘‘B” or “C” series when application 
data sheet accompanies order. 


INFORMATION? 


Should you require details on these 
Formsprag small clutches as well as 
the complete line, write today for 


this new 26-page catalog. 


Over-Running, Indexing and Backstopping Clutches for aircraft, automotive and various industrial applications 


FORMSPRAG COMPANY 


23603 HOOVER ROAD, VAN DYKE (DETROIT), MICH. 


World’s largest exclusive manufacturer 
of over-running clutches. Distributors in A7-12¢ 
principal cities. 
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panel area 25/32 in. long x %% in. 
wide. Solder-iug terminals, located 
on rear of switch, handle wires to 
No. 18. Electrical ratings are 214 


ol 
it, 


o> Oe 


amp 30 v de, inductive; 4 amp 30 
v de, resistive; 5 amp 125/250 v ac. 
Unimax Switch, Div., W. L. Max- 
son Corp., Ives Rd., Wallingford, 
Conn. 
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Temperature Transducer 


withstands high vibration 
and pressure 


New temperature transducer is a 
precision resistance - thermometer 
type utilizing deposited platinum 
film techniques. It has high speed 
of response, and withstands ex- 
tremes of vibration and pressure. 
Base resistance is up to 10,000 
ohms, with temperature ranges 





I 


| 


from —370 to 500 F. Sensing ele- 
ment is 4 in. in diam and 0.030 | 
in, thick. Instrument is for use in 
missiles, automation, and instru- | 
mentation applications. Nacimco | 
Co., National City, Calif. | 
Circle 752 on Page 19 | 


Rotary Pump 


operates at pressures 
to 500 psi 


Heavy-duty rotary pump, available 
in sizes 1 through 4, is applicable 
to oil-burner service, high-pressure 
coolant service, small hydraulic 
systems, hydraulic lifts, and other 
applications requiring a heavy-duty 
(Please turn to Page 262) 
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TIPS ON USING RIVETS 
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A short design course guaraniced to save a lot of grief later on! 


You could memorize these and thousands more design 
tips on the best use of rivets—but don’t! Much simpler 
to call on Milford for the right answers to all your 
riveting design and application problems. Full-tubular, 
semi-tubular, split, cutlery, decorative—Milford makes 
them all from any metal that can be cold-formed, 
then adds a wide variety of platings and finishes. 


To improve product appearance and strength 
.. to take full advantage of automatic assembly 
. to cut delivery time and production costs 


—get in touch with Milford first! 


MILFORD RIVET 
& MACHINE CoO. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. 


MILFORD 
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NEW ROBBINS 


“SERIES 254U” re-rateD 
FIVE BIG - 








FULL HEIGHT END HEAD PROTECTION 

One piece shrouded end heads give full height 
protection against moisture and falling objects. 
Internal baffles complete splash-proof construction. 
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& MYERS 
MOTORS offer you... 


ADVANTAGES! 


MYLAR* INSULATION INCREASES MOTOR 
LIFE. Mylar*, laminated to rag paper insures 
positive insulation and assures virtually perma- 
nent protection because of its excellent dielectric 
qualities. In addition, the rag paper backing pro- 
vides a cushioning effect for added resistance to 
abrasions and punctures. 


*DuPont registered trademark, 


December 12, 1957 


BEARINGS EASILY INSPECTED 
Removable cover plate at each end of head 
permits easy bearing inspection without di: 
mantling motor. Bearings run in double-width 
races, thus have extra-large reservoirs contain- 
ing grease selected to resist dust, temperature, 
humidity and high operating speeds. 


“STRAIGHT THROUGH” DUAL-SWEEP 
VENTILATION ELIMINATES 

“HOT SPOTS” 

Tandem fans, one pushing and the other pull- 
ing, produce washing action around and over 
field coil ends, insure lower internal tempera- 
tures and longer dependable operation. 


PERMANENTLY NUMBERED LEADS 
SIMPLIFY INSTALLATION AND 
MAINTENANCE 

Proper lead identification is assured even after 
years of exposure. Numbers are permanently 
impregnated into the sub-surface of the insula- 
tion...can't wear off or deteriorate. 


Tuese five big advantages make R&M’s “Series 254U” re-rated 
motors your best buy for applications requiring dependable, 
full-time performance, They can be installed in any environment, 
outdoors without a cover or in damp and corrosive atmospheres. 
Moisture, rust or corrosion can’t affect their operation, and 
they take rugged duty in stride! Every R&M motor is electrically 
and mechanically designed to withstand the most severe 
operating conditions, Careful quality control and precision 
manufacture insure top performance and dependability year after 
year. Write today, for R&M Bulletin 520MD on R&M’s 


“Series 254U” re-rated motors! 


ROBBING 


SPRINGFIELD, OHIO 


} MYERS, Ine. 


BRANTFORD, ONTARIO 


QD % % cx Ba 


Motors Fans Hoists 
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Moyno” Pumps 


Propeliair (Industrial) Fans 





LOCKING 
BOLTS 
That 


DON’T 
WORK 
LOOSE 


NYLOK® 
Effective against gasoline, 
alcohol, oil, and air leaks. 
They thread easy... stay 
locked in ANY position 
...need not be fully 
seated. Permanent insert 
of tough, resilient nylon 
won't shrink, dry, age, or 
turn brittle... WON'T 
vibrate loose. 

@® «THE NYLOK CORPORATION” 


NOW... your choice of 3 
self-locking bolts to improve 
the quality and dependability of 
your products...eliminate double 
inventory and costly locking 
devices. ® locking bolts are cor- 
rectly engineered to solve tough 
vibration problems safely...surely 
...economically. 
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PLACE LOCK SPIN LOCK 


A vibration-proof fas- 
tener that needs no lock 
washer. Self-locking 
feature keeps them 
wrench tight on assem- 
blies and components 
subject to shock, im- 
pact, rotation, or vibra- 
tion. For use in tapped 
holes...or with nuts. 


Angle washer-head teeth 
permit easy tightening... 
prevent loosening...main- 
tain original tightness... 
grip tighter under extreme 
vibration. An oil and 
water-tight fastener pro- 
viding excellent electrical 
contact. Carburized teeth 
for strength and long wear. 


For quotes or further information call one of our 


e 3 convenient service centers 


WESTERN OFFICE 
Chicago 
HArrison 7-2179 


EASTERN OFFICE 
New York City 
REctor 2-1888 


CENTRAL OFFICE 


North Tonawanda 


JAckson 2400 (Buffalo) 


BUFFALO BOLT COMPANY 


Division of Buffalo-Eclipse Corporation 


NORTH TONAWANDA, N.Y. 
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(Continued from Page 259) 


pump for continuous service at 
pressures to 500 psi in capacities 
to 25 gpm. Unit has suction and 
discharge openings from 1% to 1 in. 
NPT. Design features include nod- 
ular iron herringbone gears, four 
force-feed lubricated roller bear- 
ings, and single stuffing box avail- 
able with packing or mechanical 
seal for minimum leakage. Worth- 
ington Corp., Harrison, N. J. 
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Multi-Circuit Timers 
meet military specifications 


Line of time-delay relays and se- 
quence program switches offers up 
to six load circuits in the repeat- 
cycle timer and up to five load 
circuits in the reset-cycle unit. 
Units meet varied requirements of 
sequence programming. Applica- 
tions include guided missiles, fire 
controls, gun purge doors, flashers, 
radio, radar, and camera controls. 
Latitude in timing cycles ranges 
from seconds to hours. Motors in 
all timers operate on 115 v, 400 
cycles. Load switches are single- 
pole, double-throw precision type. 
Units operate between —55 and 
85C to an altitude of 50,000 ft. 
Envelopes are hermetically sealed. 
Timers weigh from 16 to 24 oz. 
Automatic Timing & Controls 
Inc., King of Prussia, Pa. 
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Magnetic Brake 
has built-in damper 


Model 1041 magnetic brake, de- 
signed for aircraft use, weighs 1.25 
lb and is 4.1 in. long, 1.85 in. thick, 
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Intricate Allegheny Ludlum Steel Extrusions 


cut 


technical book 
on A-L Steel Extrusions 


12-pages of design and en- 
gineering information on 
steel extrusions. Process 
and product explanation, 
material properties, design 
tips and limitations, toler- 
ances, order instructions, etc. 


Address Dept. MD-96 


December 12, 1957 


There’s no doubt about extruded shapes 
saving money on materials and on ma- 
chining. Non-ferrous applications in the 
last decade have proven it. 

Now even greater savings are possible 
with tough, strong metals in Allegheny 
Ludlum Hot Steel Extrusions. 

Extruded shapes in all stainless grades, 
tool steels, carbon steels, electrical steels, 
high temperature alloys ... even in zir- 
conium, nickel alloys... are now in pro- 
duction at Allegheny Ludlum, cutting 
costs in many different industries 

If you’re hogging out sections, paying 
for special mill rolls on small orders, or 


material needs up to 60%, slash machining costs 


waiting for minimum rolling mill ton- 
nages, Allegheny Ludlum Steel Extru- 
sions are your answer. They will save 
you scrap loss, slash your machining costs, 
hold down your inventory requirements 
and cut delivery time. Charge for die 
design is low—under $200. Orders taken 
for as little as 40 pounds. 

To learn more Beets the time and cost- 
cutting possibilities of Allegheny Ludlum 
Hot Steel Extrusions, send for the tech- 
nical booklet at the left or call any A-L 
office for technical assistance. 

Allegheny Ludlum Steel Corporation, 
Oliver Bldg., Pittsburgh 22, Pa. 


wsw 6907 


ALLEGHENY LUDLUM™M 


for all your special steel needs 


Stainless and high-temperature, electrical and tool steels, magnetic materials, and sintered carbide 
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and 3 in. wide. It is equipped with 
a built-in damper which operates 
on the eddy-current principle. 
When brake is energized, input 
shaft is unlocked and damper re- 
sists input forces in direct propor- 





tion to input speeds, to control in- 
put forces and absorb force grad- 
ients. When brake is de-energized, 
input shaft is locked to resist 
torque up to 200 lb-in. Lyndon Air- 
craft Inc., 140-55 Clifford St., New- 
ark, N. J. 
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Rod-End Bearings 
from a handful to a carload... ie oc alg icles shes 


Alinabal spherical rod-end bearings 
e have self-lubricating sintered-metal 





offe rs you balls and full spherical race of hard- 


ened steel, ground to match ball 


curvature. Construction is partic- 


complete wire cloth | ularly suited for linkages with ro- 


6 e a | tating or oscillating motion. Load 
£ b ¢ i | is applied directly to center of ball 
a rication acl ities and distributed over full race curv- 


. a : , ture, iding | beari - 
From giant retaining screens for catalysts or filter media to small ee ee eee 


strainer assemblies for Diesel engines, fabrication of wire cloth 
parts to a wide variety of demands is a daily operation at Cam- 
bridge. Whatever your needs . . . filter leaves, strainers, sizing 
screens, retaining screens . . . you can rely on Cambridge for 
quality and prompt service. We'll work from your prints or draw 
up prints for your approval. 


IF YOU BUY WIRE CLOTH IN BULK, Let us quote on your next order 

: . . . for wire cloth. Call your Cam- P . - . 
we can give you immediate delivery from bridge Field Enginee sig tated | cling life and maximum radial and 
stock on large or small orders from the most under “Wire Cloth” in your | axial thrust loads. Ball is available 


frequently used types of cloths . . . from the ! — t fs ~ a. book. Or, | in sintered bronze or iron, oil im- 
write direct for FR P 
finest to the coarsest mesh. 90-PAGE CATALOG | | pregnated and self-lubricated. Bore 


Accurate mesh count and uniform mesh size are oy mincing ac 0d / idee I sizes are ¥, to 1 in. in male and 
assured by individual loom operction and cloth a ol De- ‘crcen | female type. Carter Engineering 
careful inspection just before shipment. scribes fabrication fa- / | Co., Ferrysburg, Mich. 
cilities and gives use- — | Circle 756 on Page 19 
ful metallurgical data. 





The Cambridge Wire Cloth Company industrial Triode 


[TT woven wire | | | WIRE DEPARTMENT N, for oscillator applications 
eet 2 2 gl CAMBRIDGE 12, Type 7092 radiation-cooled, high- 
ae ¢: oe ee MARYLAND | power industrial triode is designed 
OFFICES IN PRINCIPAL INDUSTRIAL CITIES for industrial oscillator applica- 
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LORD FACTS ON VIBRATION 


IMPROVING PRODUCT 
PERFORMANCE 
IS OUR BUSINESS! 


When the performance of your product can be improved with 
vibration control or with bonded-rubber components, you can rely 
on LORD for the most effective solution to your problem. 
In the first place, you can benefit from LORD’S thirty years 
of experience devoted exclusively to designing and developing 
bonded-rubber products for every type application—with thousands 
of successful solutions in the “completed” file. 
Second, you can draw upon LORD’S unparalleled knowledge of 
vibration problems and the designs and materials that produce the 
best results under any specific condition. 
Third, LORD has extensive research and development facilities 
in addition to the Engineering Division and the LORD Field 
Engineers—all available and geared for immediate and effective 
action in solving product problems involving vibration control or 
bonded-rubber products. 


These advantages are available at LORD—A letter will bring 





them to you. Simply write to Erie or the Field Engineer nearest you. 





SINCE 1924 





| 
ue 
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arresting the buyer 


i 
1 


at the crucial moment 
with 
MADISON-KIPP 
At atom-lalom-Ulelaalialeiag| 


ro I (=m ort-t-} if ale f- 


If the buyer hesitates a minute to look 
at your product, you have a chance for a sale. 
If he doesn’t, there can be no sale. 


To arrest the buyer at the crucial moment, eye appeal 
and then touch appeal are all important. 





Fortunately, the ‘De Luxe Touch”’ is available 
without cost penalty and often at a big saving with 
Madison-Kipp Zinc and Aluminum die castings. 


Please clip this ad as a reminder to contact us 
when you have die casting requirements. 





ain FM MADISON-KIPP CORPORATION 


210 WAUBESA STREET + MADISON 10, WIS., U.S.A. 


Skilled in Die Casting Mechanics Experienced in Lubrication Engineering Originators of Really High Speed Air Tools 
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tions in ultrasonic, induction, or 
dielectric heating equipment. 
Heavy-duty anode withstands 
heavy overloads. Tube envelope is 
thick, hard glass for temperature 
resistance and ruggedness. When 
triode is used in continuous class 
C operation, 2 kw power into in- 
dustrial loads can be obtained, and 
3 kw in intermittent operation. 
Thoriated - tungsten filament is 
rated at 6.3 v, 32.5 amp. Indus- 
trial Tube Div., Amperex Elec- 
tronic Corp., 230 Duffy Ave., 
Hicksville, L. I., N. Y. 
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Magnetic Relay 


for fractional and 
integral-horsepower motors 


New 20-amp magnetic relay is 
suitable for all types of fractional 
and integral-horsepower motors 
used in commercial and industrial 
applications. Unit has silver 





cadmium oxide contacts, and as- 
sures minimum contact bounce. It 
is available in two, three, and four- 
pole, and all standard voltages. 
Arrow-Hart & Hegeman Electric 
Co., 103 Hawthorn St., Hartford 6, 
Conn. 
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When it sings out, 


engineering mysteries unfold 


the Kodak 


The high-pitched whine of a high 
speed camera is bursting forth more 
and more often in modern engineer- 
ing laboratories. For engineers have 
found that ultra-slow-motion movies 
make trouble shooting in fast-mov- 
ing parts more a matter of intelligent 
visual analysis than of tedious cut- 
and-try experimentation or calcula- 
tion. And that leaves them more time 
for design and development work. 


The high speed camera we make is 
primarily for the practical engineer 
to use in helping solve his day-to-day 
problems. Its top speed is a reason- 
able 3200 pictures a second. That 
slows action 200 times when you 
project the 16mm film at normal 
speed, enough in the great majority 
of mechanical problems to see what’s 
going on. You don’t burn up more 
film than you need and the instru- 
ment is simple and rugged enough 
for a busy man to use without trouble. 


The best way for you to evaluate 
the Kodak High Speed Camera in 
terms of your own needs is to send 
for a booklet that not only gives you 
the details but quite a few case his- 
tories on how it has been used in a 
variety of industries. You get the 
booklet by writing to Graphic Repro- 


duction Division, 


EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 


‘4b 


HIGH SPEED camera 
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PALNUT?® Lock NUTS and FASTENERS 


REDUCE 


— PARTS 
— OPERATIONS 
— COSTS 


Spring-tempered steel PALNUT Lock Nuts and Fasteners cost less 
than other lock nuts and locking devices—less than plain nuts, in 
most cases. A single PALNUT replaces two, three, even four fasten- 
ing parts according to application and type used, thus fewer parts to 
buy, stock and assemble. Simplitied, high speed assembly is gained 
with PALNUT magnetic sockets, shanks and applicators which pick 
up, start and tighten in one operation. Self-locking spring grip keeps 
parts tight under vibration. Many types and sizes offer savings for 


products in every field. 


REGULAR 
TYPE 


Self-locking hex nuts securely 
fasten wide range of light 
assemblies. Require only 3 
screw threads. Save weight. 
Also used on top of ordinary 
nut for vibration-proof fasten- 
ing of assemblies. 


WASHER TYPE 


One-piece lock nut and flat 
washer replaces ordinary nut, 
lockwasher and flat washer. 
Many variations for mechani- 
cal and electrical assemblies. 
Available with bonded-in 
plastisol sealer. 


SELF-THREADERS 


Form deep, clean threads on 
unthreaded studs, rivets and 
rods while tightening. Save 
threading costs. Provide 
strong, vibration-proof assem- 
blies. Fast assembly with 
standard tools. Remove and 
re-use on same studs. 





Pleasing dome shape covers 
rough screw ends, dresses up 
products, keeps parts tight. 
Also semi-acorn type with 
prevailing torque anywhere 
on threads. Very low cost. 


iam 


Sy 
me 


Simplifies adjusting screw 

bli Nut is tightened 
once, never touched again. 
Use only screwdriver to 
adjust screw. Positive grip. 








PUSHNUTS® for unthreaded 
studs, rods and rivets. 
Simply push on, they lock with 


powerful grip. Save thread- 
ing, notching, cotter pins. 





WING TYPE 


Lock securely when finger 
tightened, stay tight in ser- 
vice, easily removed when 
finger released. Cost less than 
ordinary wing nuts. 


‘PALNUT’ 





Write for literature and free samples of any type PALNUT 
Lock Nut, stating application and size. Consult our fastening 
engineers on any assembly problem. 


THE PALNUT COMPANY 


75 Glen Road, Mountainside, N. J. 
Subsidiary of United-Carr Fastener Corp. 


Canada: P.L. Robertson Mfg. Co., Inc., Milton, Ont. 


LOCK NUTS 





FASTENERS 


Quick, secure fastening at low cost 
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Drafting Instrument 


draws ellipses, circles, 
spirals, and curves 


Ellipsene drafting instrument 
draws ellipses, circles, ovoids, 
spirals, and curves in sizes from 
14 in. to over 20 ft. It can be 
used as an ordinary compass or as 
a beam compass. Instrument also 


fs 


produces the Spiral of Archimedes. 
Pencil, ink, or ball pen can be used 
to draw, and a metal scriber can 
be used for layout on metal or 
cardboard. Debs Instrument & 
Tool Co., 1750 Troutman S&t., 
Ridgewood 37, N. Y. 
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X-Y Plotter 


has input sensitivity 
to 1 mv per in. 


ER-90 plotter incorporates flat- 
bed construction for full-chart visi- 
bility, and slip-on pen for plotting 
on standard 81% x 11-in. paper. 
Input sensitivity is as high as 1 mv 
per in. Chopper-stabilized amplifi- 
ers, standard three-turn rebalance 
potentiometers in the null-seeking 
servo system, and simplified cord 
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Securely sealed for low maintenance = 


TOTALLY ENCLOSED 
FAN COOLED MOTORS 


When motor maintenance goes down, production goes up. Century TEFC Motor 
protects itself from dust, grit, chemical fumes, moisture. Shaft openings at each 
end are labyrinth-sealed, and there is a precision clearance between metal 
seal and bearing bracket. 


Outside, a hose or whisk broom quickly cleans it. External fan forces jets of 
cooling air across the frame. Inside, vital motor parts are completely sealed 
off from injurious atmosphere. Factory lubrication of bearings is adequate for 
several years’ service under normal conditions; however, whenever required 
bearings may be relubricated through grease plugs. 


For full facts on your specific application, call the Century District Office or 
Authorized Distributor nearest you. 


CENTURY... building TEFC Motors for 25 years 


* CENTURY ELECTRIC COMPANY | 


MOTORS 
1/20 to 400 H.P. 


1806 Pine Street ¢ St. Louis 3, Missouri ¢ Od Pd | 
i : So Ve 
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SEEKING THE 
IDEAL MATERIAL 
FOR... 


* Molds for powder metallurgy? 


ree 


¢ Sintering boats? 


¢ Crucibles, jigs, plates? 


* Similar hot applications? 


HERE’S YOUR ANSWER 


Speer carbon and graphite parts are 
not wetted by molten metals. They hold 
their shape with no warping, regard- 
less of temperature. They have high 
heat transfer and will not break down 
under severe thermal shocks...will not 
crack or split...are chemically inert. 


Easily machined or fabricated, Speer 
carbon and graphite parts can be pro- 
vided in almost any size and shape to 
your exact dimensional tolerances. If 
you have a design problem involving 
high temperatures, examine the advan- 
tages—and economies of Speer Carbon. 
Speer’s knowledge and experience is 
yours for the asking—mail the coupon 
today for further details. 


PEER nnn 


Please send information on carbon for use in 








Name 





Title 





Company 





Address. 





City Zone State 
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drive system insure reliable opera- 
tion. The two axes are electrically 
independent. Recorder has a limit 
of errors better than 0.75 per cent, 
and repeatability better than 0.05 
per cent. Mandrel Industrial In- 
struments, Div., Mandrel Industries 
Inc., 5134 Glenmont Drive, Hous- 
ton, Tex. 
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Heavy-Duty Divider 


holds long pencil or 
steel scribing point 


This 9-in. heavy-duty divider fea- 
tures fine adjustment, rigid con- 
struction, and firmly locked set- 
tings. Steel scribing point is in- 
terchangeable with a standard long 
pencil. Unit eliminates wandering 














when scribing coarse-grained wood 
or rough-surfaced metal. Quad- 
rant, projecting through the legs 
and locked by a knurled clamp 
screw, eliminates side deflections. 
Check nut, spring, and quadrant- 
adjusting nut permit fine adjust- 
ments for close measurements. 
L. S. Starrett Co., Athol, Mass. 
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Servo-System Analyzer 


measures gain, phase shifts 
of servomechanisms 


Model F Servoscope is a sweep 
generator, multiple-signal genera- 
tor, and phase-angle indicator. 
Dials, switches, and information 
display on the front of the unit 
have been engineered to reduce 
fatigue and increase accuracy. 
Unit provides a direct method for 
measuring gain and phase shifts 
of any component or system in 
subsonic frequency ranges. Phase 
lead or lag is shown within 1 deg. 
Instrument provides sine, modu- 





TAKE 
YOUR 
PICK! 


Special 
(@ialmelaar-tie).ani-t-a4e la -1— 
solve 3 spot 
al=t-0e) elem o)meleli-iacr— 





Spring strain reliever of high tempera- 
ture stainless steel for applications in 
which cartridge heater leads flex. High 
tensile spring, mechanically locked to 
heater, covers lead wires a distance 
sufficient to distribute stress. 





MOISTURE 4° 


rg 


Moisture-resistant flexible brass con- 
duit protects lead wires of cartridge 
heaters operating in presence of steam, 
water, oil and vapors. Also offers added 
protection from flexing, vibration and 
mechanical damage 





ABRASION 








Flexible brass conduit protects car- 
tridge heater lead wires against abra- 
sion from other moving parts and from 
accidental mechanical damage. Safety 
factor where lead wires are exposed to 
machine operator. 





FREE BULLETIN! 


CHROMALOX 
ELECTRIC 
CARTRIDGE 
HEATERS 


need 


Get the full story. Call your Chrom- 
alox Representative or write today 


for Bulletin 850. 
c-2101 


Edwin L. Wiegand Company 


7575 Thomas Boulevard + Pittsburgh 8, Pa. 
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— ISC-PAC” 


A COMPACT UNIT FOR BUILDING YOUR OWN CLUTCH 
Due to a growing demand for Maxitorq Floating Discs, the MAXITORQ DISC- 
PAC has been made available as a self-contained unit independent of the actuator. 


Patented Maxitorq Separator Springs that prevent drag, abrasion, and consequent 
heating in neutral . . . and the Maxitorq Locking Plate which locks all discs onto 
body .. . give you the outstanding features that are so highly favored by machine 


and product designers. 


Thus you may build your own clutch or brake from our standard stock Maxitorg 
parts. The Disc-Pac keys to your shaft and is easily replaced. Units are available 
in 8-disc diameters from 2” to 8”; 14 to 15 h.p. at 100 r.p.m. ... with 3 lugs on the 
smallest size, 8 lugs on the 3 h.p., and 12 lugs on the 5, 10 and 15 h.p. capacities. 


The Disc-Pac fits Maxitorg standard Driving Rings in the event that you want to 
use them. As with the Maxitorq Clutch, all assembly, take-apart and adjustments 


are manual... no tools required. For further information, write Dept. MD-12. 


THE CARLYLE JOHNSON MACHINE COMPANY 





Manchester, Connecticut 
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‘MIDLAND 
WELDING NUTS 


The Midland Steel Products Company is constantly de- 
veloping new, progressive ideas to improve the efficiency 
of its fine products. It pioneered the Midland Welding 
Nut, for example, and so successful was this application 
in its own shops that this labor-saving device has been 
made available to others. 


If you are a manufacturer of metal parts or products 
and have fastening, fabricating or assembling problems, 
you may find Midland Welding Nuts just the solution 
you’ve been looking for. The Nuts are easily welded 
into position for the lifetime of the product. You can 
be assured of correct fit, even in the most awkward, 
hard-to-reach places. Bolts turn easily into the applied 
nuts. Thus, heretofore two-man operations can be handled 
by one man in most instances. Weld-nut equipped parts 
will be preferred by your customers for they will find 
them cost-saving and trouble-free, cutting down assembly 
time. Too, you can be sure that your parts will be prop- 
erly assembled without the risk of rattles. 


A few minutes’ time in checking the assembly problems 
of your customers will be profitable to you. Midland 
Welding Nuts are low in cost, can give you a definite 
advantage over competition. This practical application 
is recognized internationally and endorsed by many 
designers of the finest products. 


The MIDLAND STEEL PRODUCTS COMPANY 


6660 Mt. Elliott Avenue °* Detroit 11, Michigan 
Export Department: 38 Pearl St., New York, N. Y. 


Automobile and Truck Frames ° Air and Vacuum Power Brakes 


Air and Electro-Pneumatic Door Controls 
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lated-sine, and square-wave sig- 
nals, as well as linear sweep, on 
four ranges from 0.005 to 100 cps. 
Applications include automatic 
flight-control design, testing com- 
puter response, checking vibration, 
testing frequency response of elec- 
trohydraulic systems, and simulat- 
ing rate gyro. Servo Corp. of 
America, 20-20 Jericho Turnpike, 
New Hyde Park, N. Y. 
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T-Square 
can be used without 
a drawing board 


This T-square is usable directly 
aganist the edge of a letter-size 
pad of paper. It permits the mak- 
ing of small drawings, sketches, 


Vig 


and plans without the use of a 
drawing board. T-square can be 
carried in a brief case. Dolgorukov 
Mfg. Co., 407 Fisher Bldg., Detroit 
2, Mich. 
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Pressure Transducer 


measures pressures 
to 15,000 psi 


Model PT32 high-pressure pickup 
is well suited for use where large 


| pressures must be measured or re- 


corded with a minimum alteration 


| of the pressure chamber. Overall 


accuracy is within 1 per cent of 
full scale. Unit operates under 
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New Formica laminated plastic thermo-insulator 
provides protection from hot launching gases 


In cooperation with Rocket Fuels Division, Phillips 
Petroleum Company, Formica application engineer- 
ing applied Grade FF-34 modified) with the precise 
characteristics for protection against hot gases. 
This Formica fabricated liner protects the steel blast 
tube through a time cycle of intense heat in a new 
target drone. 

This solution called for three of the Formica-4 
services that assure the right laminated plastic for 
every requirement. 

1. Application engineering to select the right grade 
2. Research to adapt it to this particular application 
3. Fabricating to produce a complete component 
ready for assembly. A fourth—Customer Stock 
Service—provides a ready supply of sheets and rods 
for prompt shipment. 

rhis unique laminated plastics service can be of 
assistance to you in your own product design prob- 
lems. For complete information, send for free 
Formica-4 bulletin 584. Formica Corporation, a 
subsidiary of American Cyanamid, 4514-7 §S 


Grove Ave., Cincinnati 32, Ohio. 


1. Application Engineering 2. Research 3. Fabricating 4. Customer Stock Service 
Fi-1586 





PORTABLE 
Compact, light in weight, 
insulated handle. 


MOTOR 
Ball bearings per- 
manently grease 
packed—no re- 
oiling. 


DRY VALVE 
CONSTRUCTION 
Positive-sealing without oil. 
Self-cleaning—no rubbing 

parts. 


AIR WHERE YOU WANT IT...COAPLETELY O!L-FREE...COOLER...DRIER! 
Expensive lubrication maintenance completely eliminated! 


Where clean compressed air is essential, the 
B&G Oil-less Compressor provides the answer 
in a complete line of portable, tank-mounted 
and tankless models. 

There is no oil required in this new design unit! 
Motor and compressor are permanently grease 
packed...graphite piston rings and_ skirts 
operate for years without destroying the mir- 
ror-finish of the cylinder walls. Since the cyl- 
inders are not lubricated, oil-free air is delivered 


at all times without need for an oil separator. 


B&G Compressors are really smooth’ Modern 
design large bore, short stroke, horizontally 
opposed pistons provide better balance and 
vibrationless operation. Compactnessand light 
weight adapt them ideally to either portable 
or built-in applications. In every detail these 
units are designed to deliver maximum air per 
horse power! 

For complete information on B&G Oil-less 
Compressors and Vacuum Pumps, send for 
Catalog GO-1156. 


Oce-€eds AiR COMPRESSORS 


BELL & GOSSETT 


COMPAN Y 


Dept. FB-67 Marton Grove, Illinois 
Canadian Licensee: 8S. A. Armstrong, Ltd., 1400 O’Connor Dr., Toronto 16, Ont. 
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PACKAGED 


Ok- 


COMPRESSED AIR 


INTEGRATED 
AFTERCOOLER, 
PULSATION CHAMBER, 
MOISTURE SEPARATOR 
Provides cooler, crier air 
atsmooth, uniform pressure. 


AUTOMOTIVE 
TYPE FAN 
Assures low temperature 
operation for higher effi- 

ciency, longer life. 


SAFETY VALVE 
(Not visible) 
Provides constant bleed-off at 
maximum pressure. Also acts 
as automatic moisture drain. 


GRAPHITE PISTON 
RINGS AND SKIRTS 
Special composition needs no 
lubrication. Self-sealing piston 
ring joint reduces blow-by. 


Portable 
5&G Compressor 


B&G Oil-less Air Compressor 
as integral part of 
dry cleaning machine 


MAKERS OF HEATING AND 
COOLING SPECIALTIES, 
PUMPS, HEAT EXCHANGERS 


MACHINE DESIGN 
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temperatures from —65 to 350 F. 
Natural frequency is better than 
25,000 cps. Transducer is avail- 


able in pressure ranges from 0-7000 
to 0-15,000. Dynamic Instrument 
Co., 28 Carleton St., Cambridge, 
Mass. 
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Vertical File 


holds 700 plans to 
24 x 36-in. size 


Glider 700 all-steel, blueprint rack 
accommodates 700 plans in sizes 
up to 24 x 36 in. Seven retainers, 
available in 18 and 24-in. lengths, 
hold 100 prints each. They incor- 
porate a thumb-screw clamp de- 
sign that pressures prints in filing 
position, securing them firmly 
without crimping. Individual in- 


sertions and removals can be made 
without disturbing other prints. 
Momar Industries, 4323 W. 32nd 
St., Chicago 23, Ill. 
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DC Power Supply 


has voltage regulation 
to +1 per cent 


Model TM25 tubeless laboratory- 
type regulated de power supply 
has a continuous-duty rating of 
0-150 v de at 2 amp. Voltage reg- 
ulation is held to +1 per cent and 
ripple is less than 0.03 per cent 
of average dec at maximum output. 
Unit is available for panel mount- 
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Adjustable Diameter and Open 
FHOMSON 


BALL BUSHINGS | 


+ 


The BALL Bearing 
for all your 


Precision Series ‘A’ and 
Low Cost Series ‘‘B’’ BALL BUSHING 


Sliding linear motions are nearly always 
troublesome. Thousands of progressive 
engineers and designers have solved this 
problem by application of BALL BUSH- 
INGS on guide rods, reciprocating shafts, 
push-pull actions, or for support of any 
mechanism that is moved or shifted in a 
straight line. 

Improve your product! Up-date your 
design and performance with Thomson 
BALL BUSHINGS! 


Adjustable Diameter 
BALL BUSHING 
for Zero Clearance 


LINEAR MOTIONS 


Open BALL BUSHING 
for Zero Clearance on 
Supported Shafts 


LOW FRICTION - ZERO SHAKE OR PLAY 


ELIMINATE BINDING AND CHATTER 


SOLVE SLIDING LUBRICATION PROBLEMS 


LONG LIFE - LASTING ALIGNMENT 


The various types cover a shaft diameter 
range of %4” to 4”. Small sizes available 
in Stainless Steel. Write for literature and 
name of our representative in vour city. 


b, THOMSON INDUSTRIES, Inc. 


C Dept. E, MANHASSET, NEW YORK 


i / 
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Also Manufacturers of NYLINED Bearings . .. Sleeve Bearings 


of DuPont Nylon, and 60 CASE...Hardened and Ground Steel Shafting 





NYLAFLOW® PRESSURE TUBING 


NYLAFLOW’ gives you 
high strength, long flex life, light weight 


NO OTHER tubing offers the same 
unusual combination of physical 
properties with ease of installation 
...to provide lower costs, long 
tubing life. 


Nylaflow is a tough, flexible 
polyamide tubing being used suc- 
cessfully in many industries for air 
lines, grease and oil lines, low 
pressure hydraulic lines, beverage 
lines and other applications. 


c~ 


=a =. 
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These are Nylaflow’s 
unique characteristics: 


e High burst pressure at low cost 

e Extremely long flex life 

e Tough—wear and crush resistant 
Hornlike, can be used with standard 
fittings 
Easily bent for installation—can be held 
with clips or permanently pre-bent with 
heat 
Serves over wide temperature range 
Resistant to solvents, oils, alkalis, 
hydraulic fluids 
Odorless, tasteless, non-corrosive, 
non-toxic, fungus resistant 


The design and performance capabilities of Nylaflow 
are outlined in a new bulletin available from The 


Polymer Corporation of Pa., Reading, Pa. Write 


for your copy today. 


THE POLYMER CORPORATION OF PENNA. 


Reading, Pa. 


Export: Polypenco, Inc., Reading, Penna., U.S.A. 


XY 


POLYPENCO 


POLYPENCO nylon, POLYPENCO Teflont, NYLAFLOW® & 
NYLATRON® GS. {Du Pont Trademark 
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Engineering Equipment 





r 


ing or in a cabinet for bench use. 
Controls include a power switch, 
pilot light, indicating-type line and 
load fuses, voltmeter, ammeter, 
and five-way insulated binding 
posts. Opad Electric Co., 69 Mur- 
ray St., New York 7, N. Y. 
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Slip-Ring Assembly 


has strain-gage applications 


Totally sealed slip-ring assembly, 
originally made for checking strain- 
gage readings on ships, can be 
adapted for other instrumentation 
circuits, thermocouple applications, 
and power circuits. Large size 
rings and brushes give high cur- 
rent capacity. The drum-type as- 
sembly has ID of 634 in. Superior 
Carbon Products Inc., 9115 George 
Ave., Cleveland 5, Ohio. 
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Magnetic Tape Recorder 
for slow-speed operation 


Model TT-100 multichannel mag- 
netic tape recorder operates in 
—20 to 165F temperatures. De- 
signed for slow-speed operation, 
unit provides up to three record 
channels at speeds from 0.05 to 
1% ips using 14,-in. tape on 5-in. 
NARTB reels. Instrument weighs 
5 lb and occupies a space 12 x 6 x 
4 in. Power requirement is 6 v 
de, ranging from 100 to 300 ma. 
Precision Mechanism Co., 922 Ter- 
minal Way, San Carlos, Calif. 
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WHICH of these Actuation Problems 


val SPACE/WEIGHT 


| | POWER CONSUMPTION 


TEMPERATURE 


| LUBRICATION 


are YOURS 7? 


PRECISION 


DEPENDABILITY 


SAGINAW b/b SCREWS will help you solve them! 


Available in custom machine-ground and stock rolled-thread 
types. Units have been built from 1/2 inches to 39/2 feet 


Let’s start at the begin- 
ning, with the familiar 
principle that there’s far 
less friction in rolling 
than in sliding. By ap- 
plying this principle, 


the Saginaw ball/bearing 
Screw radically increases 
the efficiency of rotary- 
to-linear motion (and 
vice versa). Instead of 
sliding, mating surfaces 
glideonrolling steel balls, 


long—%z to 10 inches in diameter. 


Outstanding opportunities for qualified engineers 


Agqrinraw 


SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS © SAGINAW, MICHIGAN 
WORLD’S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES 
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on torque: 


Like stripes on a barber 
pole, the balls travel to- 
ward end of nut through 
spiral“tunnel” formed by 
concave threads in both 
screw and mating nut. 


At end of trip, one or 
more tubular guides lead 
balls diagonally back 
across outside of nut to 
starting point, forming 
closed circuit through 
which balls recirculate. 





GS BASIC DESIGN 
ADVANTAGES 


1. Vital Power Savings. Permit much smaller 
motors with far less drain on electrical system, 
simpler circuitry. 


2. Space/Weight Savings. Screws themselves 
are smaller, lighter; permit smaller motors 
and gear boxes; eliminate auxiliary equipment 
required by hydraulics. 


3. Precise Positioning. Machine-ground type 
will position components far more precisely 
than hydraulics or pneumatics; tolerances on 
position are held within .0006 in. /ft. of travel. 


4. Temperature Tolerance. Normal operat- 
ing range from —75° to +275° F.; in selected 
materials, will function efficiently at temper- 
atures as high as +900° F. 


5. Lubrication Latitude. If lube fails, will 
still function with remarkable efficiency. Units 
have been built and qualified for operation 
without !nbrication. 

6. Fail-Safe Performance. Far less vulner- 
able than hydraulics; Gothic-arch grooves, 
yoke deflectors and multiple circuits provide 
added assurance against failure. 


ih 


SEND TODAY FOR THIS FREE 1958 
ENGINEERING DATA BOOK... 


f"™ or see our section in Sweet's Product Design File 


Saginaw Steering Gear Division 
General Motors Corporation 

b/b Screw and Spline Operation 
Dept. 9MD, Saginaw, Michigan 


Please send new engineering data book on 


Splines to: 


NAME 





COMPANY 





ADDRESS. 





CITY 





Circle 581 on 

















made in one piece-in one stroke aS an ALCOA IMPACT 


Faced with the problem of designing 
this center-tube impact as a one- 
piece part, a designer who is not 
familiar with Alcoa® Impacts would 
throw up his hands. Then he would 
break out the slide rule to start figur- 
ing costs on welding the center tube 
to the base. After that, he’d have to 
puzzle out an inexpensive way to 
join the base to the side wall. The 
fact is, he never would figure out a 
way to do it economically. 

To the informed designer who is 
familiar with Alcoa Impacts, this 
would be just another routine job 
that he could rely on Alcoa’s Impacts 
experts to knock out for him. In spite 
of its rather complicated design, it 
is formed (as are all impacts) in a 
fraction of a second, with a single 
stroke of the punch. It is a strong, 
lightweight, seamless part. Actually 
made better, stronger and more eco- 
nomically than it could have been 
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by any other fabricating method. 

To guide your thinking, check the 
handy rules of thumb below. Any 
part that is a closed-end tubular part, 
or cup-shaped, should be considered 
as an Alcoa Impact. In one shot, we 
can make round, oval, square or 
special shapes. Ribs, splines, flutes 
or other functional or decorative 
patterns can be incorporated on the 
inside or outside. Let your imagina- 
tion go to work; we’re anxious to go 
to work for you. 

To get your imagination started, 
send for Alcoa’s design manual, Alcoa 
Impacts— Metal in Motion. You'll 
find it loaded with design tips and 
ideas that have saved other designers 
a lot of money. For on-the-spot as- 
sistance, call your nearest Alcoa sales 
office. [t’s listed under “‘Aluminum”’ 
in the Yellow Pages of your telephone 
directory. An Alcoa sales engineer 
will put his solid technical know-how 


Circle 582 on Page 19 


at your disposal. Aluminum Com- 
pany of America, 1991-M Alcoa 
Building, Pittsburgh 19, Pa. 


Some Impact Rules of Thumb— 

Check your problems against this list: 

1. Parts requiring hollow sections—either tube or 
cup-shaped with one end closed. 

2. Parts with walls or surfaces requiring zero draft. 

3. Parts requiring lengths up to eight or ten times 
the diameter. 

. Parts requiring the strength of forgings. 

5. Parts requiring tolerances down to +0.005’. 

3. Parts requiring ribs, bosses or fins as integral 
parts. 

. Parts requiring low unit cost in mass produc- 
tion. (Often the savings in machining, fabrica- 
tion and assembly made by impacts amortize 
tooling in relatively short runs.) 


ALcoa & | 10 THE BEST 
ALUMINUM | IN ALUMINUM 
VALUE 





mks, 
YOUR GUIDE 


“ALCOA THEATRE” 


A) 
ery Exciting Adventure 


(AY ALTERNATE MONDAY EVENINGS 
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Professional 
Viewpoints 


. . « from engineer 
to supervisor .. . 


To the Editor: 

The article “The Transition from 
Engineer to Supervisor” (MACHINE 
DESIGN, October 31, 1957) was very 
timely for my current purposes as 
an engineering supervisor. Because 
the general topic was very fresh 
in my mind, the content of the 
article was keenly appreciated. 

It was encouraging to me to read 
so much which concurred with 
what I have been learning and 
practicing in this field. On the 
other hand, there are certain dif- 
ferences in opinion which may 
prove interesting. 


1. The point is made, relatively 
strongly, that the characteristics 
a man will have as a supervisor 
are very strongly dependent on 
what happens to him during the 
transition period. This is certainly 
a very critical time in a man’s 
career. However, I like to think 
that patterns set at this time, while 
strong, are not really as unchange- 
able as the content of this article 
might lead a reader to believe. 


Constant Coaching Essential 


2. Under “Avseas of Training” 
three areas of proficiency are out- 
lined. A fourth area, one which 
overlaps the other three, is that 
of coaching. Much of the litera- 
ture pertaining to the subject em- 
phasizes that the essence of good 
administration and supervision lies 
in the ability of a supervisor to 
counsel and coach his subordinates. 
The consistent references to the 
training function in the remainder 
of the article shows that the author 
is well aware of this function, par- 
ticularly during the _ transition 
stage. I suggest consideration of 
the importance of this function as 
a constant duty of supervision. Re- 
ferring to Point 1 above, this train- 
ing function is the means whereby 
habits established during transi- 
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“PERMA-NUTS” GIVE “QUICK-CHANGE” 
FEATURE TO ABRASIVE ASSEMBLIES 


Tubutar’s PERMA-NUTS AND 
RIVETERS HELP DAYTON ABRASIVE PRODUCTS, Inc.* 


PERMA-NUTS Do Double Duty 


Dayton uses Tubular’s PERMA-NUTS to permanently fasten its abrasive 
assemblies and at the same time provide a threaded fitting. This allows the 
assembly to be quickly spun on or off of a power-tool mandrel and gives the 
product a special sales advantage. Dayton saves assembly time by using 
Tubular’s Riveting Machines. They are made to automatically feed and set 


PERMA-NUTS. 


" DAYTON ABRASIVE of Dayton 


Dayton Abrasive Products. Inc.. in twelve years has become one of the 
country’s leading manufacturers of abrasive specialties. “Ingenuity,” as 
evidenced by the adaptation of PERMA-NUTS to Dayton’s “Spinner 
Settings®.” may be considered a primary ingredient of the company's success. 


TUBULAR of Quincy 


When fast, automatic. economical, permanent fastening of your assemblies is 
the problem, turn to Tubular. We have the rivets. the machines and the 
experience. For further information and technical help call our nearest office 
or send us your blueprint or sample assembly. A specia' Design Bulletin on 


PERMA-NUTS is available for the asking. 


- FASTEN AUTOMATICALLY 
; UbUsar FIVE | s-002 ons caste 
& STUD COMPANY |“) uae” 
WOLLASTON (QUINCY) 70, MASS. 
MIDWEST OFFICE & WAREHOUSE — CHICAGO 
BRANCH OFFICES 
INDIANAPOLIS «+ 


ATLANTA + BUFFALO + CHARLOTTE * DALLAS * DETROIT 
LOS ANGELES * NEW YORK CITY © PHILADELPHIA + ST. LOUIS 
SAN FRANCISCO «+ SEATTLE 


See your local classified directory for phone numbers 
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DRIVE IT WITH A NEG’ATOR’ 
constant-force spring 


Ideal for use as a powerful, constant- 
torque motor is the NEG’ATOR Spring, 
the revolutionary constanv-force 
spring component which is giving 
design engineers new ideas. 

They’re using the NEG’ATOR Spring 
as a motor in two ways. A light 
torque motor is made by winding 
the NEG’ATOR Spring around two 
drums of unequal size. The tendency 
of the material to recur] to its preset 
curvature around the smaller drum 
imparts a constant output torque to 
the shaft of the larger (output) drum. 
A more powerful and efficient motor 
is made as shown above—by reverse- 
bending the free end around the 
output drum. 





Think of how products can be im- 
proved, problems solved with a long- 
running, constant-torque motor. An 
aircraft designer with a critical 
counterbalance problem found out. 
So did a manufacturer of self- 
retrieving, 50-foot, steel tapes...a 
motion picture camera maker... an 
engineer who developed a new pre- 
cision mechanical computor ...many 
others with drive unit, long deflec- 
tion, and counterbalancing design 
problems. 

And, so will you when you get the 
full story. Ask us for a copy of 
Bulletin 310N, “The Story of the 
NEG’ATOR Spring.’’ We’ll send it im- 
mediately without cost. 








fake me-ife}g 


foto} al-¢-Uah Gadel gelato] aiale| 


HUNTER SPRING COMPANY 
3 Spring Street, Lansdale, Pennsylvania 


(near Philadelphia) 


SPRINGS * STAMPINGS * TEST APPARATUS 
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tion from engineering to super- 
vision can be modified and possibly 
sublimated. 


3. The points on communications 
are excellent and well put, in my 
opinion. 


4. Under “Transition to Leader- 
ship” reference is made to the fact 
that ‘Group Leadership” can be 
developed only if the characteristics 
or traits already exist in the indi- 
vidual. The article would have 
been more acceptable to me if the 
fact was recognized that these 
traits basically do exist in every- 
one, and that those who have the 
most difficult time becoming good 
leaders, i.e., in bringing these 
traits to fruition, may very often 
be the best leaders. The point here 
is that anyone who has had many 
problems in the field of leadership 
and has overcome them will be 
most understanding of the prob- 
lems of others and, therefore, a 
most effective coach. Second, the 
effort and drive developed in be- 
coming a good leader the hard way 
will serve a man well in the art of 
leadership. 


Dealings Require Sincerity 


5. In the paragraph concerning 
“Prior to Promotion,” the dialogue 
relating to the gradual increase of 
responsibility for the trainee and 
relating also to “testing the train- 
ee’ gave me the feeling that the 
trainee might, under the circum- 
stances, be subject to criticism as 
being the fair-haired boy. I believe 
the subject should be frankly and 
discreetly discussed with the group. 
The point that the trainer might 
ask the trainee to make a decision 
which already has been inwardly 
made by the trainer smacks slightly 
of insincerity. The keenest trainees, 
and, therefore, most valuable 
people, will be first to sense any in- 
sincerity and perhaps resent the 
fact that they are being “handled.” 
While the case in point is relatively 
minor, it brings out a vital neces- 
sity of complete, scrupulous sin- 
cerity in all dealings of this sort, 
a point which deserves maximum 
attention. 


6. The points made in the sec- 
tion headed “After the Promotion” 
were pleasing in the sense that they 
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How does ESNA’s complete line turn your 
special hex nut requirements into standard parts? 





TYPE U 
Sizes 1%-20 through 21%4”-4¥/2 
NUT-HEX, HEAVY: 


TYPES TM and TE 
NUT-HEX, LIGHT, THIN 
Sizes 3-48 through 112”-12 + AN364 


TYPES M and E + NUT:HEX LIGHT 
Sizes 1-72 through 11/2”-12 
AN365 


ESNA’s line of standard hex nuts includes so many hundreds of 
dimensional, material and tensile variations that, in most instances, 


a stock is available to meet your specific needs. 


For example, all the nuts shown here are standard parts. 
Yet they range in size from a sub-miniature 0-80 thread that is NUT-HEX Nt te at 
only .107” across the flats to a 4’’-4 thread 6-1/8” across. Sizes 10-32 through % 
Thread series include SAE, USS and British BSF, BA and 

Whitworth series. Most are available in carbon steel, 

stainless, brass and aluminum. They do not gall or seize 

bolt threads, and they can be re-used many, many times. 


Furthermore, the effectiveness of their red locking collars 
has been proved by more than thirty years of rugged 
field service—on locomotives, pile drivers, oil drilling TYPE 1660 MINIATURE 
machinery, washing machines, trucks and tractors. Sizes 0-80 through 4/48 


These standard ESNA hex nuts are available from stock or 
are produced under normal lead times. And, of course, 
hundreds of other “specials” are also available. For details on 
the Elastic Stop® nuts shown here, write Dept. N47-124. 
TYPE 1260 + NUT-HEX, U B 


Sizes %-24t gh 1%%4”-12 
HIGH TENSILE 


ELASTIC STOP NUT CORPORATION OF AMERICA 


E> 2330 Vauxhall Road 
. _—} Union, New Jersey 


NKM-NKE 
NYLON CAP-LIGHT-HEX NUT 
Sizes 6-32 through 12”-20 
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For Earthmoving 


BIG 
GEARS | 


needed 


Machines... 


A “Record Breaker” in Action! Twin 
Powered to Handle 32 Cubic Yard 
Heaped Capacity Loads. 


Se ee 
a ¥ 


gvcup 


FAIRFIELD 


can supply them! 


GEARS to match the ever-increasing size and power of modern 
machines are a Fairfield specialty. This is possible because Fairfield 
has long been a leader in utilizing the most advanced methods, 
machines, and techniques for producing better gears. By keeping 
apace with modern engineering trends, Fairfield renders an invalu- 
able service to many of America’s machinery builders, both large 
and small. 

At Fairfield, you get the benefits of high production rates and big 
volume output in an ultra-modern plant designed exclusively for 
producing fine gears EFFICIENTLY, ECONOMICALLY. Check with 
Fairfield NOW on your gear requirements. Call or write. FAIRFIELD 
MANUFACTURING CO., 2307 S. Concord Rd., Lafayette, Indiana. 
Telephone 2-7353. 

A “PLUS VALUE” IN ANY PRODUCT 
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is 
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were most pertinent and well put. 
Some tendency to adopt the tech- 
nique used in pseudopsychological 
writing was noted in that the rela- 
tively easy to discover things to 
do or not to do are noted while the 
more difficult methods for accom- 
plishing these things are not men- 
tioned. This might be the subject 
of further writing in this field. I 
refer specifically to the admonish- 
ment that a supervisor should “del- 
egate responsibility.” I feel sure 
the author recognizes that this is 
an art which can be developed by 
specific procedures. 


7. References to various functions 
of supervision and, in the final par- 
agraphs, to “Leadership” as an art 
appears to me to be most apt. All 
arts involve knowledge of the 
theory plus ample practice in any 
given field. Management certainly 
falls into the category of art in 
this respect. Mention is made of 
the need for a supervisory trainee 
to have ample and free opportunity 
to practice his art. This point has 
been neglected too often because of 
the fear that the trainee will make 
mistakes. The loss to the employer 
of the training to the supervisory 
trainee very often more than off- 
sets the cost of mistakes trainees 
will make, provided, of course, that 
the trainees are truly ready to 
supervise. 

—ROBERT W. JENNY 
Supervisor, 
Mechanical Development Group 
Applied Physics Staff 
Boeing Pilotless Aircraft Div. 
Seattle, Wash. 


... different solutions 
can exist harmoniously . . . 


To the Editor: 

Mr. Jenny’s letter was most in- 
teresting to me, in that I found his 
points well taken; however, I might 
add that we still have differences 
of opinion on certain points. This 
seems only natural, since engineer- 
ing management is an art, not a 
science. Consequently, different 
solutions to the same problem can 
exist harmoniously, since the truth 


Gears and Differentials Made to Order for: 


is relative—relative to the situa- 
tion, or the environment, in which 


TRACTORS * HEAVY DUTY TRUCKS * AGRICULTURAL MACHINERY ¢ POWER SHOVELS AND CRANES 
MINING MACHINES * ROAD GRADERS ¢ BUSES * STREET SWEEPERS ¢ INDUSTRIAL LIFT TRUCKS 
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Why designers specify FLEXLOC self-locking nuts 


Where products must be tough . . . must stand up under 
vibration, shock and abuse . . . designers specify rugged, 
reliable, precision-built FLExLoc self-locking nuts as fasteners. 


HERE’S WHY: 

FLEXLoc locknuts are strong: tensile strengths far exceed 
accepted standards. They are uniform: carefully manufac- 
tured to assure accurate, lasting spring tension in the flexible 
locking collars. And they are reusable: rough screw threads, 


We also manufacture precision titanium fasteners. Write for free booklet. 


repeated removal and replacement, frequent adjustments will 
not affect their locking life. 


Standard FLex.oc self-locking locknuts are available in a 
wide range of standard sizes and materials, to meet the most 
critical locknut requirements. Your authorized industrial 
distributor stocks them. Write us for complete catalog and 
technical data. Flexloc Locknut Division, STANDARD 
PRESSED STEEL Co., Jenkintown 18, Pa. 


STANDARD PRESSED STEEL CO. 


FLEXLOE tocknur pivision 
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JENKINTOWN PENNSYLVANIA 
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the problem exists. 


4 f fj Most of what I te i 
Chico Gears (ee 


perience—both as a trainee and as 


a trainer. In my opinion, the pro- 
r D e t cedure has been successful; how- 
oO | ever, it doesn’t necessarily follow 


that it is the only procedure to 
that it must 


és 7 « ” | 
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Points where Mr. Jenny and I 
differ are: 


1. He mentions that he feels that 
leadership traits “basically do ex- 
ist in everyone,” and that those 
who have the most difficult time 
in becoming good leaders may very 
often be the best leaders. I agree 
with the second part, since I have 
found no correlation between the 
ease or difficulty of transition and 
ultimate competence. However, I 
disagree with the first part, since 
I have had personal experience, in 
more than one case, with individ- 
uals who were basically not suited 
for supervision. 





Selection from Above 


2. With reference to the tech- 
niques used “Prior to Promotion,” 
I feel that this approach can still 
be sincere. Basically, the trainee 
has to realize that he cannot be 
given control of the group until he 
has taken control of the group. I 
disagree with discussing the selec- 
tion with the other members of 


@ Send for your new transmission the group. The very structure of 
the group—having a designated 


uide today. 186 pa i i | 
<a + rt Pra preview & leader—implies that the organiza- 
: F » tables | tion is essentially autocratic, not 
and formula for selecting the right | democratic, and in times of stress 
combination of gears and reducers. In- this is readily apparent. Primar- 
Ke " formation to which you will be con- ily, the selection of a leader must 
i] stantly referring for helpful design se- come from above first, and be fol- 


iM 
lections...a guide to prov ‘ lowed by consent from below. 
WORM AND WORM GEAR & P _ perform In general, it seems to me that 


“<. _— —— — transmission data we are basically in agreement, 
i p to date with modern standards. though there are some variations. 
| However, were there no variations, 

1S SEND FOR YOUR COPY TODAY | there would be no stimulus to dis- 
Aes ee THE OHIO GEAR COMPANY | cussion, and the subject would be 
Soe BLOW 1338 East 179 Street * Cleveland 10, Ohio | very dull—which it certainly isn’t! 
—H. M. ELLIoTt 

Manager, 

Computer Devices Engineering & 
COMPANY . | Advanced Product Development 
BIZMAC Engineering 
Radio Corp. of America 
Camden, N. J. 





OPL— DOUBLE REDUCTION 
— VERTICAL 


Please send me your new 1957 Gear & Reducer Catalog: 





ADDRESS 
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“Believe Me, the Right 


Tools and Materials 
Make a Big Difference?” 





The right drafting tool or material for the job 
is more important than ever, today. Increased 
demands on drafting departments make it 
vital for draftsmen to do their work faster 
and easier. That’s why the modern drafting 
aids featured here are important to you. 
They'll help you get better results, faster. 


Researcher, manufacturer, and supplier... 
Bruning provides you a single, convenient, 
dependable source for everything you need 
in drafting room supplies and service. 


For information on any product in which 
you're interested, write Bruning. 


“‘Stainiess-Supreme’’ Drawing Instruments. Draftsmen will do better work 
with the higher precision, durability and beauty offered only by 
instruments made entirely of stainless steel. Will not tarnish. 5 times 
harder than brass or German silver. Specially hardened, swivel-type 
ruling pen plates are easy to clean, will remain sharp. 


‘ = ° 4 
“Kovel’’ Tracing Paper. The greater translucency of this outstanding 
transparentized paper gives you sharper, faster prints. Draftsmen 
will do their best work on the wonderful fine-grained surface that 
takes pencil beautifully, accepts repeated erasures without damage 
Very light blue tint reduces glare. 


L “Se 
Wrico Scriber Lettering Sets. When it’s a Wrico, it’s the fastest, most 
efficient, most economical way to get perfect lettering. Adjustable 
scriber permits over 100 letter variations from one guide. Guide 
holders have skid-proof runners. Sets include es guides, and 
accessories in wood cabinet. Comp it parts a 





All-Metal Slide Rules. Here are all the qualities for fast, accurate slide 

rule work. Durable, warp-proof metal construction prevents binding a 

under any conditions. Guaranteed accuracy. . . functional grouping Charles Bruning Company, Inc., Dept. 124-K 

of scales . . . easy-to-read graduations. . . trim, streamlined styling. 1800 Central Road, Mount Prospect, Illinois 

There is a slide rule to meet every need in this complete line. ts Comedies 108 Sieant $0. Tereate 1, Satie 
Please send mé information on 


C “Kovel” Tracing Paper [] “Stainless-Supreme” Instruments 
(J Wrico Scriber Lettering Sets [[) All-Metal Slide Rules. 


(BRUNING) | se 
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THE NATIONAL SCENE 





FAMOUS NYLON JOINS NATIONAL’S MATERIALS FAMILY. Proved in thousands of tough 


applications, versatile Nylon now becomes more useful to the designer than ever. 


National makes it so in extruded rods and 100% 
” through 


Standard rod sizes range from 4 


usable finished fabricated parts. 
2” in 3 and 6-foot lengths. Inquiries on 


other sizes and shapes are invited. National’s expert engineering counsel assures the 
commercial soundness and economy of your product. And men, machines and capacity 
place National in a unique position to serve your immediate needs. 


NATIONAL CAN HELP YOU 
reduce unit product cost or improve 
product performance at no added 
cost. Here’s why: You can select the 
“one best material’? from over 100 
grades of PHENOLITE®, Vulcanized 
Fibre and NATIONAL N ylon—without 
compromise in properties or cost. You 
can simplify production and purchas- 
ing with the timed delivery of 100°, 


286 


usable parts—from a single reliable 
source. You gain competitively with 
National’s new materials and grades 

the direct results of programmed 
materials-research. 

You benefit by calling National 
first. Check Sweet’s PD File 2b/Na, 
the Telephone Directory Yellow 
Pages, or write Wilmington 99, Dela- 
ware, Dept. G-12. 
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MACHINING SKILL GIVES 100% USABLE PARTS as exem- 
plified by this precision-turned 4-40 thread screw 
of Nylon. National has the skills and equipment 
to fabricate almost any part you design. Whether 
your order requires the simplest punching process 
or the most complex screw machine operation, you 
get the same result: 100% usable parts. 


4 


INDUSTRY'S BROADEST LINE OF BASIC MATERIALS gives 
you greatest design freedom. With the addition 
of Nylon, the National line of materials—already 
industry’s most extensive—grows to more than 
100 grades and combinations. These include Vul- 
canized Fibre and PHENOLITE® Laminated Plastic. 
The result is greater selectivity for you—unbiased 
recommendations from National—and virtually 
any combination of properties you desire. 


ag WATIONAL 
VULCANIZED FIBRE CO. 
WILMINGTON 99, DELAWARE 


In Canada: 


NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 
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THE ENGINEER’S FOR INSTANT STARTING, SMOOTH STEPLESS SPEED CONTROL 


MAGNE-SPEEM 


NON-ELECTRONIC 


VARIABLE 
SPEED DRIVES 


Featuring simple circuitry, MAGNE- 
SPEED drives provide high efficiency 
operation at competitive cost. Non- 
electronic, they require no warm-up 
time. Excellent regulation without 
tachometer. 





Recent Books 


Nuclear Chemical Engineering. By 
M. Benedict and T. H. Pigford, both 
of Massachusetts Institute of Tech- 
nology; 594 pages, 6 by 9 in., cloth- | 
bound; published by McGraw-Hill | 
Book Co. Inc., 330 West 42nd St., New | 
York 36, N. Y.; available from MaA- 
CHINE DESIGN, $9.50 postpaid. 


Materials of importance for nu- 
clear reactors, and the novel proc- | 
esses which have been developed to | 
concentrate, purify, and separate | 
these materials are described fully | 
in this volume. Introduction to | 
these materials is by means of the | 
relationship between nuclear reac- | 
tors and associated production | 
plants. Principles of nuclear | 
physics pertinent to the process- | 
ing and separation of isotopes are | 
discussed. 

Included are sections on the | 
properties, occurrence, concentra- | 
tion, purification, and conversion 
of uranium, zirconium, hafnium, 
thorium, and beryllium. 


Magnesium Casting Technology. By 
A. W. Brace and F. A. Allen; 174 
pages, 5% by 8% in., clothbound; 
published by and available from Rein- REGULATION: 
hold Publishing Corp., 430 Park Ave., | Approximately +4% of base speed 
New York 22, N. Y.; $4.95 per copy. | RANGE OF ADJUSTMENT: Zero to Full speed 


This book correlates basic prin- wee satay ap etemste namin sg Sap ae 


ciples of magnesium founding and | a 50:1 range. (4000 r.p.m. avail- 
features an objective presentation | able on special order). 
of both American and British prac- COMPACT... SIMPLE INSTALLATION 
tice. 

Contents include magnesium cast- | STANDARD SIZES AVAILABLE 
ing alloys, melting practice, funda- TYPE | HORSEPOWER RATING | SPEED RANGE | BULLETIN # 
mentals of die design, pressure die- | 
casting, heat treatment of castings, | JUNIOR seat. hid = ch 
significance of mechanical tests, | SIZE | Ys, V3 and /, HP 50:1 5-580 
surface treatment, design charac- SIZE I 3/,,1 and 11/> HP 50:1 $-580 
teristics of castings, tolerances, al- | 
loy properties, and applications. 


MAGNE-SPEED SIZE I 
































MAGNETIC AMPLIFIERS INC. 


Polyethylene. By Theodore O. J. 632 TINTON AVENUE © NEW YORK 55, N.Y. © CYPRESS 2-6610 
Kresser, Spencer Chemical Co., Kan- West Coast Division 


sas City, Mo.; 217 pages, 5 by 7% - 3 
in, elothdound; gublished by ond 136 WASHINGTON ST. © EL SEGUNDO, CAL. © OREGON 8-2665 


available from Reinhold Publishing 
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Heavy Duty 
Interlocked 





RUGGED AND STRONG 
FOR LASTING SERVICE 


that is Penflex Flexible 
Tubing. Especially — 
neered for punishing “et 
trial service ..- - to dely 
abrasion, crushing, heat in 
conveying liquids, chemi- 
cals, powders, — ma- 
i semi-solids. 
ae makes all types 
and sizes (1/g” to 24 LD.) for 
every industrial application. 
For complete data, write = : 
Pennsylvania Flexible ; e- 
tallic Tubing Company, nee 
7239 Powers Lane. Phila. 42. 











Penflexweld 
Corrugated 


PENFLEX 


TIGHT ASA PIPE BUT. 


FLEXIOLE 


NR IER AES 


Circle 592 on Page 19 
288 





Library 





Corp., 430 Park Ave., New York 22, 
N. Y.; $4.95 per copy. 


This first book of a new plastics 
applications series treats of the 
practical aspects of polyethylene 
including its use, composition, and 
production. 

Applications of polyethylene are 
treated in a selective manner, and 
each represents a group of re- 
lated applications. Topics include 
general properties of polyethylene, 
chemical structure, production, 
processing, film and coating appli- 
cations, and extrusions. 


Transistor Electronics. By David 
Dewitt and Arthur L. Rossoff; 381 
pages, 6 by 9 in., clothbound; pub- 
lished by McGraw-Hill Book Co. Inc., 
330 West 42nd St., New York 36, 
N. Y.; available from MACHINE DE- 
SIGN, $8.00 postpaid. 


This book presents the properties 
of the transistor and its under- 
lying physical mechanisms. It pro- 
vides step-by-step treatment of 
transistor circuit design without 
requiring a previous knowledge of 
quantum mechanics. 

Included are fundamental proc- 
esses in semiconductors, elementary 
quantum mechanics, and behavior 
of carriers within a crystal. 


Government Publications 


Naval Electronics Laboratory Re- 
liability Design Handbook, PB 121839. 
6 sections, 8 by 10% in., paperbound; 
available from Office of Technical 
Services, U. 8. Dept. of Commerce, 
Washington 25, D. C., $3.00 per copy. 


This design handbook presents 
information on ways of achieving 
simplicity, economy, and reliability 
in electronic equipment. It is in- 
tended to serve as a medium 
through which information on new 
materials, processes, techniques, 
and design aids will be distributed. 

The basic volume presents 
methods of achieving preferred cir- 
cuitry, construction techniques, de- 
sign procedures, and application 
data. Insertion sheets, to be dis- 
tributed later at frequent intervals, 
will contain material furnished by 
NEL engineers, scientists, and 
other technical personnel on al- 
most any subject related to the 
preceding topics. Proposed stand- 





ANGLgear” 


solves 9O° drive 


fe}ge)e) (Jaa) 


Simplified drawing based on photo shows 
ANGLgear application on Texas Inking Ma- 
chine Co. belt finishing machine. Change from 
exposed miter gears to ANGLgears solved 
noise, lubrication and safety problems. 


Texas Inking Machine Co., 
Stafford, Tex., recently devel- 
oped a machine that automati- 
cally polishes and dyes the 
edges of leather belts. The de- 
sign involves several 90° drives, 
and on early models these cre- 
ated problems. “We used ex- 
posed miter gears which gave 
us constant trouble in regard to 
noise, disengagement, lubrica- 
tion failures, and the danger of 
entangling the women operators 
used so extensively in this in- 
dustry,” Texas’ chief engineer 
recalls. “Now —with ANGL- 
gears—we have a quiet, safe 
operation and complete confi- 
dence in our machine.” 
Perhaps ANGLgear can solve 
a 90° power takeoff problem 
for you. Completely enclosed 
and permanently lubricated, 
ANGLegears are available from 
stock in % to 5 hp ratings, 
with 2 or 3-way 
shafting, and 1:1 
or 2:1 gearing. 


See our literature in Sweet’s 
Product Design File or contact 
your local distributor. 


<< PIPROR N= 


AIRBORNE ACCESSORIES 
CORPORATION 
HILLSIDE 5, NEW JERSEY 
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WAGNER ELECTRIC MOTORS..«..-THE CHOICE OF LEADERS IN INDUSTRY 


Reduce Down Time=-Power your Product 


with Dependable Wagner Motors 





Sixty-six years of experience goes into the building of Wagner Motors. Their reputation 
for reliability, their electrical characteristics, price and prompt delivery make them 
a sound choice for your product. 


Whatever your motor requirements may be—single-phase or polyphase... % or 500 
horsepower— Wagner can offer a standard motor that is entirely dependable in its 
specific application. A few of the many motors in the Wagner line are shown below. 


RACTIONAL HP 


ae 


DRIP-PROOF 


TYPE DP—Squirrel-cage Induc- 
tion, corrosion resistant cast iron 
frames. 1 through 125 horse- 
ay power. 

TYPE RK — Capacitor-start Induction. 
For general purpose applications. 
Single-phase. Rigid or resilient mount- 
ing. 48 frame: % or Y% hp. 56 frame: 
Ys through % hp. Also available in inte- TOTALLY ENCLOSED 


gral ratings through 5 hp. FAN-COOLED 
A 





TYPES EP 
AND JP 
Standard and 
explosion- 
proof. Squirrel- 
cage Induction, 
TYPE RA — Repulsion-start Induction. corrosion re- 
For general purpose applications. \ sistant cast iron 
Single-phase. High starting torque— - ms ribbed frames, 
low starting current. % through % hp. . ; 1 through 30 
Also available in integral ratings ae ‘ hp—smooth 


through 15 hp. ) s, frames, 40 | OPEN TYPE POLYPHASE SQUIRREL CAGE | 


through 250 é 

hp. TYPE RP—Drip-proof. Suitable for ali general 
purpose applications. Available in ratings 150 | 
through 500 hp. i 











= OTHER WAGNER MOTORS 


TYPE RB — Split-phase Induction. For 
easy starting applications. Single- 
phase, resilient mounting. 48 frame: 
Yo, ‘or Ya hp. furnishes Increment Type Motor and Starter Combinations... 


In addition to a complete line of standard motors, Wagner also 


Wound Rotor Polyphase Motors...Jet Pump Motors... Vertical 
and Flange Mounted Motors ...Hermetic Motors... Gear Motors 
and Direct-Current Motors. Consult the nearest of our 32 branch 
offices, or mail coupon today for full information on the complete 


Wagner line. 
TYPE RP — Polyphase Squirrel-cage 


; Induction. General purpose, normal tm ee ee 


> torque. 56 frame: Y% through % hp. 
Wagner Electric @rporation 


Lea ie ome Pa MSN TS, Saas sew 6404 Plymouth Ave., St. Louis 14, Mo. 





Please send Bulletin MU-185 on your complete line of Motors. 





NAME 





POSITION 





COMPANY____ 
ADDRESS_____ 





CITY & STATE 
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NS cron) econmn” | 
dallon on Chait aeoah 

We say you should. Since we make 

all types of steel drive and convey- 

ing chain plus sprockets and attach- 

ments our engineering experience 

is naturally broad and our recom- 

mendations are just as naturally un- 

prejudiced. Let the Union Chain 


organization work for you. 


NG 


Uy 
Yyyfyy, 7 


TEANEMIT 


4 2 Se y 
uinlfy/ufufyry bitylily Uy 
MOWER /// 
, YY 


Yj 
fll Uy Vfl 
YJ 


. 


WWW yw 


SOS 


phiccm Jilr-yimoit-lii wit: 


Manufacturing Company 
SANDUSKY, OHIO 
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ards will be included. 

Major topics of the basic book 
include equipment design; environ- 
mental, electrical, and mechanical 
considerations; materials, circuits, 
tubes, and electromechanical com- 
ponents. 


Screw-Thread Standards For Fed- 
eral Services, 1957. 208 pages, 7% 
by 10% in., paperbound; available 
from Superintendent of Documents, 
U. 8S. Government Printing Office, 
Washington 25, D. C.; $1.25 per copy. 


This publication represents the 
work of the Interdepartmental 
Screw Thread Committee, spon- 
sored by the Departments of De- 
fense, Army, Navy, Air Force, and 
Commerce to promote uniformity 
in screw-thread standards in De- 
partments concerned. 

Current work will be issued in 
three volumes or parts; this vol- 
ume, Part 1, contains six sections 
covering definition of terms relat- 
ing to size, fit and dimensions of 
screw threads, form and thread 
series for bolts, special diameters, 
miniature screw threads, and gag- 
ing for Unified, American, and 
American National threads. Part 
2 will include standards for hose- 
coupling, pipe, and gas cylinder 
threads and will be issued when 
the revised standards have been 
completely formulated. This will 
be followed by Part 3, which will 
include Acme, Sub-Acme, Buttress, 
and other standard threads. 


Investigations ef Alloys of Mag- 
nesium and Their Properties, WADC 
Technical Report 56-88, PB 121801. 
By Foerster, Couling, Baker, and 
Johnson, all of The Dow Chemical 
Company; 84 pages, 8% by 10% in., 
paperbound; published by Wright Air 
Development Center; available from 
Office of Technical Services, U. 8. 
Dept. of Commerce, Washington 25, 
D. C.; $2.50 per copy. 


Three separate major studies on 
magnesium alloys are discussed in 
this report. The first deals with 
development of improved wrought 
alloys, the second with thermal 
and electrical properties of the al- 
loys, and the third with plastic de- 
formation and preferred orienta- 
tion of wrought alloys. 

Topics include chemical analysis 
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Alignment of 
piston rod and 
assembly assured 
by close-fitting 
pilot and shoulder. 


"O” ring seals. No 
Large pipe connections. gaskets required. 
Keeper ring construction eliminates tie rods. 

Permits rotation of covers. 


Self-adjusting rod pack- 
ing. Axial holes provide 
pressure disposal on 
packing members. Seal 
proportional to cylinder 
pressure. 


Wd 


Pratt ibt w. 
. 


Closely-fitted RIVETT 
automotive-type wenn Bey 


piston rings. THE WAY! 


Ample bronze rod guide. 
Rod bearing provided in idee é 
area exposed to lubrication. , oe Heavy-duty alloy cast pistons. 





Seamless drawn steel tubing, 
precision honed. 


Sealing efficiency improves with increased 


pressure in Rivett 1500 PSI* Cylinders! 


*Higher on application. 


@ External “O” Rings Act As Static Seals To Eliminate Gaskets 
And Assure LEAKPROOF OPERATION! 


@ Automotive Type Piston Rings Reduce Friction, Increase 
Sealing Ability, Permit Sensitive Response To Any Pressure. 


@ Keeper Ring Construction Eliminates Tie Rods. 
@ Self-Adjusting Rod Packing Cuts Friction. 


@ Unfailing Power For Millions Of Cycles. 


1080 SELECTIONS! THE BETTER YOU KNOW HYDRAULICS 
7 mountings; 10 bores; standard and 2:1 over-size TUS SETTER YOU WES 
rod; single and double end rods; internal or external 
thread; cushioning either or both ends; special covers. 


RIVETT, INCORPORATED ¢« Dept. MD-12 
Brighton 35, Boston, Mass. 


Get Catalog No. 106 to aid your circuit design. Complete 
drawings, specifications, cut-away views, tables, diagrams! ; re 


“400” 
HYDRAULIC CYLINDERS | 


Member National Fluid Power Association 
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of magnesium alloys, properties of 
sheet and extrusions, creep 
strength and corrosion resistance 
of extrusions, pellet alloys, room- 
temperature properties of pellet 
TH £ extruded high-temperature alloys, 

mechanical twinning in cold roll- 
ing, and data on simultaneous 
measurement of thermal and elec- 


€ “ghek b WeapwAanylatlils, trical conductivity. 
a ty 4 ox e % é ¥ 


Atomic Energy Facts. 216 pages, 
8 by 10% in., paperbound; available 


T o K E A k | Ne 7 ie ea oO & L t Feud s from Superintendent of Documents, 


U. 8S. Government Printing Office, 
Washington 25, D. C.; $2.00 per copy. 


Devoted entirely to peaceful 
Bunting capability and leadership in the uses of atomic energy, this book 


field of Cast Bronze Bearings and parts are describes the organization and 


; ‘ ; functions of the AEC, technical in- 
well established and widely recognized. Today economies pa d “ the 


Bunting offers an equally comprehensive and Commission, conditions under 
responsible service in the field of Sintered which qualified individuals and or- 


. ganizations may gain access to 
nd parts. 
Powdered Metal Bearings and part classified information, and how to 


obtain licenses and patents. 
Bunting’s special knowledge and facilities Other discussions cover the 


make Sintered Powdered Metal products Commission’s programs for train- 


lable i licatio os ing and education in nuclear science 
ee ey ee and technology, activities of ma- 


heretofore considered feasible. We can help jor AEC contractors, raw and feed 
you find the simplest answer to your materials, reactor developments, 


individual problem, be it Cast Bronze and radioisotope development. 
Eight appendices cover principles 


or Sintered Metal. | of controlled thermonuclear pro- 
grams, categories of restricted 
data available to access permit 
holders, depository libraries of 
" AEC, reactor data tables, and a 
A wide range of stock sizes of : catalog of materials standards. 





Bunting Cast Bronze and Sintered 
Alumina -Base Cermets, WADO 
Technical Report 54-173. By Charles 
plain and flange bearings, thrust A. Hauch, Ernest W. Deadwyler, and 
Thomas 8S. Sherlin, all of the Ohio 
State University Research Founda- 
from Bunting distributors every- ; tion; 8% by 10% in., paperbound; 
i , published by Wright Air Development 
where in America. Center; available from Office of 
Write for catalogs and your copy of the ' Technical Services, U. 8. Dept. of 
new 24 page Bunting Engineering Commerce, Washington 25, D. C.; 
handbook of Sintered Powdered PB 121258, Part 2—37 pages; 
products and their composition, é $1.25 per copy. 
manufacture and application. | PB 121461, Part 3—39 pages; 
$1.25 per copy. 


oe | 
Bu ete a This report presents results of 
® | studies on five new alumina-base 
| cermets in which metal contents 
| range from 50 to 95 per cent by 
BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS | volume. 
OF CAST BRONZE AND POWDERED METAL Alloys investigated include 80 


The Bunting Brass and Bronze Company «+ Toledo 1, Ohio ¢ Branches in Principal Cities Ni, 20 Cr; 65 Co, 30 Cr, 5 Mo; 66 


Powdered Bronze self-lubricating, 


bearings and bars are available 
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RUGSELL, 


R BW FASTENER BRUES 





BURDSALL & WARD BOLT AND NUT COMPANY 





Technical-ities 
By John S, Davey 


Fastener coatings 


Salt spray testing of various 
metallic costings used on fas- 
teners doesn’t always give a 
true picture. In actual serv- 
ice, accelerated test results 
are not always borne out, 

Reason: The tests favor the 
coatings which can endure 
continuous moisture and salt 
atmospheres, whereas some do 
better under the normal in- 
termittent dry and wet con- 
ditions of weathering. 

Experience has developed a 
“scale” of suitability of vari- 
ous coatings for fastener pro- 
tection. 


FOR RUST PROTECTION 


Hot galvanizing offers great- 
est endurance under most con- 
ditions. It falls short on high- 
ly stressed fasteners. 

Electrodeposited zinc is 
next most practical — provid- 
ing good appearance, con- 
trolled tolerance at threads, 
and ability to take high bolt 
tensions. 

Cadmium plate stands out 
where salt atmospheres pre- 
dominate, Not suitable for 
contact with edibles, it is 
ruled out for many appliances. 

For general applications, 
the rust prevention of black 
oxide coatings proves satis- 
factory. Phosphate coatings, 
too, offer some degree of pro- 
tection, but not under severe 
conditions. 

Chromium, plated over cop- 
per, should be considered more 
for its appearance on fasten- 
ers rather than protection. 
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Cold heading creates 
quality parts the low cost way 


No value analysis of product com- 
ponents is really complete without 
exploring what cold heading ma- 
chines can do to cut costs. Some 
examples: 


A. ELIMINATE EXTRA OPERATIONS. 
Leveling screw, formerly made by 
riveting flat disc to set screw, now 
emerges as a stronger, single piece 
from a cold header. 


B. ONE PIECE BETTER THAN TWO. Cold 
headed hose clamp screw has inte- 
gral flange which, after head is slot- 
ted, is forced up to form screw- 
driver shield. Before, piece was in 
two parts ... with screw made on 
screw machine, and the shield a 
stamping fitted around head during 
assembly. 


C. FASTER THAN FORGING. Shifter 
lever is bent into double “L” auto- 
matically in bolt header .. . replac- 


ing 2-stage forging operation. The 
header does it at high speed from 
continuous rod. 


D. METAL FLOWS TO SHAPE—'O 
WASTE. No longer cut on screw ma- 
chine, insert screw for plastic parts 
costs 40% less. Cold header uses 
just the amount of metal required. 
The threading and knurling, too, are 
done automatically at high speed. 
Metal forced to cold flow into 
shape results not only in savings but 
also in stronger parts. With uncut 
flow lines, the piece is better able to 
withstand stress concentrations. 
For an expert opinion on parts 
you now use, check with Russell, 
Burdsall & Ward Bolt and Nut Com- 
pany, Port Chester, New York. 
Plants at: Port Chester, N. Y¥; Coraopolis, Pa.; 
Rock Falls, lil.; Los Angeles, Calif. Additional 


sales offices at: Ardmore (Phila.), Pa.; Pitts- 
burgh; Detroit; Chicago; Dallas; San Francisco. 











12-point fasteners cut wrench clearance space 


Double hex RB&W bolts and nuts measure smaller across 
their points than single hex fasteners. Used with an exter- 
nal socket wrench, they permit optimum driving torque to 


be applied. 


Thus, while permitting design of more compact assem- 
blies, these fasteners also assure proper preloading for 


stronger connections, 


Available with plain flange, or SPIN-LOCK design which 
incorporates teeth that embed upon tightening and re- 
sist loosening under vibration or temperature changes. 
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HIGH 
CAPACITY 
SWITCH 


Controls 
up to 4 
circuits 


DUST, OIL-TIGHT 
LONG LIFE 
. VERSATILE 
LONG OVERTRAVEL 


Machine toot and other 
equipment applications are 
“naturals”? for this Acro high 
capacity switch, which can con- 
trol up to four separate circuits 
on either pilot or line duty. 
Actuator is adjustable 360° in 
two planes. 


ELECTRICAL RATING 


2 H.P. 230 Volts A.C. 
1 H.P. 115 Volts A.C. 
20 Amps—250 Volts A.C. 


Two types available: Double 
Action Type actuates switch 
contacts when actuator is 
moved either side of “‘at rest” 
position. Single Action Type 
operates from one side of “‘at 
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Ni, 18 Cr, 16 Te; 76 Cr, 24 Ti; and 
an 18-8 type stainless steel. 

Details include fabrication tech- 
niques and test results as well as 
wettability stv lies of alumina by 
various alloys. 


Naval Research Technical Reports. 
Each publication is 8 by 10% in., 
paperbound, side-stapled; copies avail- 
able from Office of Technical Serv- 
ices, U. S. Dept. of Commerce, Wash- 
ington 25, D. C. 


The following Technical Reports 
are available: 


PB 121372. Properties of Bolts 
Under Shock Loading. 37 pages; 
$1.25 per copy. 

PB 121514. The Relation of Heat 
Treatment to the Dynamic Proper- 


ties of Some Carbon Steels. 14 
pages; 50 cents per copy. 


PB 121776. Design of Minimum 


Weight Magnetic Cores. 7 pages; 
50 cents per copy. 


PB 121933. Fracture Character- 
istics of Copper-Base Alloys. 11 
pages; 50 cents per copy. 


rest’’ position only. Both are 
designed for long life under 


heavy use. Wright Air Development Center 


Technical Reports. Hach publication 
is 8% by 10% in., paperbound and 
stapled; copies are available from Of- 
fice of Technical Services, U. 8S. Dept. 
of Commerce, Washington 25, D. C. 


PB 111838. Investigations of De- 
formation and Fracture of Metals. 
21 pages; 75 cents per copy. 


PB 121497. Mechanical Property, 
Corrosion and Welding Studies on 
6066 Aluminum Alloy. 29 pages; 
$1.00 per copy. 


PB 121525. Power Supply Char- 
acteristics and Standards for 
Transistorized Airborne Electronic 
Equipments. 111 pages; $4.00 per 
information and application engi | copy. 


oe ee ee PB 121576. Effects of Specimen 


Bh Preparation on Fatigue. 45 pages; 
A $1.50 per copy. 

iN ie lh Fultow 

4 CONTROLS COMPANY 
. Controls 


PB 121657. Investigation and 
ACRO DIVISION - Columbus 16, Ohio 


AVAILABLE TYPES 


Circuit Arrangement No. Terminals Action 


Four circuits (two open, two closed) Double 
Four circuits (twe open, two closed) Single 
Double circuit (one closed, one open) Double 
Double circuit (one closed, one open) Single 
Double circuit (normally closed) Double 
Double circuit (normally closed) Single 
Double circuit (normally open) Double 
Double circuit (normally open) Single 


Catalog No. 
242-0003-03 
242-0011-03 
242-0010-03 
242-0012-03 
242-0019-03 
242-0017-03 
242-0020-03 
242-0018-03 





Structural Adhesives. 68 pages; 
$2.00 per copy. 


PB 121723. Investigation of 
Forged Cobalt-Base Alloys for 
High-Temperature Applications. 


Development of High-Temperature 
aw-Fulto 
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FROM 
VACUUM 
METALS... . 


new alloys impossible to produce 
by conventional methods 


NUCLEAR POWER applications have created demands 
for entirely new types of materials. A good example is 
borated stainless stecl—a metal whose high neutron 
cross-section is important for shielding and control rods. 
Conventional air-melting, however, limits the boron con- 
tent to 1%. But Vacuum Metals is producing fully 
workable stainless alloys with 2% boron—even higher 
percentages experimentally. 

Vacuum melting makes possible the production of 
such contemporary alloys with extremely low impurity 
content—impurities that are detrimental to nuclear 

reactor performance. On the other hand, 
with vacuum melting, materials can 
be removed, too. For example, 


Here are some of the metals which 
vacuum melting improves: 


High Temperature Alloys 
Bearing Steels 

Tool Steels 

High Strength Alloy Steels 
Low Alloy Steel for Springs 
Stainless Steels 

Hard Facing Alloys 
Electronic Alloys 

Nuclear Reactor Materials 
Special! Nonferrous Alloys 
Alloys for Investment Casting 
Soft Magnetic Alloys 


Vacuum Metals produces stainless steels with no Silicon 
or Manganese, and extremely low Cobalt and other 
elements. 

Vacuum Metals Corporation, Division of Crucible 
Steel Company of America, is the first and largest pro- 
ducer of vacuum-induction melted metals. And VMC 
produces a wider variety of alloys than any other com- 
pany. Furthermore, it is now doubling its capacity, to 
meet increasing industrial demands for these interest- 
ing materials. For details on how a vacuum-melted metal 
may help you solve a tough metal problem, write, giving 
as much data as possible, to Vacwum Metals Corporation, 
Division of Crucible Steel Company of America, P. O. 
Box 977, Syracuse 1,N.Y. 


VACUUM METALS CORPORATION 


Division of Crucible Steel Company of America 
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Now in mass production... Library 
SANDERS SA-19 SERVO VALVE 30 pages; $1.00 per copy. 





The Sanders SA-19 Servo Valve provides unparalleled effi- 
ciency and reliability for a wide variety of electro-hydraulic 
components and systems. Utilizing the Sanders internal force 
feedback principle, this two-stage electro-hydraulic amplifier 
develops en hydraulic output flows with relatively low input 
electrical power requirements. 


Excellent Resolution 


Features High Power Amplification 


include » Low Hysteresis 
Low Threshold 
Low Input Power 


Wide Frequency Response 
High Stiffness of Control 


Built-in Filtration 


HERMETICALLY 
SEALED COLS 


FIXED ORIFICES 
FIRST STAGE OlL SUPPLY 7 
F 


ELECTRICAL 
4 CONNECTOR 


Y “4 1 = ARMATURE 
output i | by) at \ FIRST STAGE NOZZLES & BAFFLE 
CONTROL PISTON 7% 24 i entity, \- FEEDBACK SPRING 
y } FEEDBACK TRANSFER PIN 
CONTROL PORT NO. 1 CONTROL PORT NO. 2 


PRESSURE PORT RETURN PORT 


Operation: An input current, converted to a magnetic force 
in the First Stage Armature, moves the First Stage Baffle between 
two nozzles causing a pressure differential across the ends of 
the Output Control Piston. The resulting motion of the Output 
Control Piston is fed back through the Transfer Pin and Feed- 
back Spring as a restoring force on the First Stage Armature, 
thus nulling the valve and porting oil to the load. The First 
Stage Oil Supply is thoroughly filtered as shown. 


TYPICAL SPECIFICATIONS: 


Amplitude Ratio within 3 db at 100 cps 
Differential Current +20 ma Phase Shift 90° at 100 cps 

Flow (GPM @ 1000 psi across valve) 8 Resolution (% of Full Signal) +0.2 
Hysteresis (% of Full Signal) +3.0 


Coil Resistance (ohms/coil) 3000 


System Pressure (psi) 3000 
Write today for complete information. 


ANDERS 


LY Ly § oO Cl A TE gS DEPT. M— NASHUA 12, NEW HAMPSHIRE 








Nc OR POR AT ES OD 
West Coast Field Office: 1608 WEST CENTINELA BLVD., INGLEWOOD, CALIFORNIA 
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PB 121760. Slip Damping of 
Press-Fit Joints Under Linearly 
Varying Pressure. 41 pages; $1.25 
per copy. 

PB 121845. Joining of Molybde- 
num. 75 pages; $2.25 per copy. 

PB 121865. A Study of Perma- 
nent Magnets of the Barium Fer- 
rite Type. 46 pages; $1.50 per 
copy. 

PB 121882. Analysis of the 
Thermal Properties of Plastic Lam- 
inates, Cores, and Sandwich Panels. 
12 pages; 50 cents per copy. 

PB 121891. New High-Tempera- 
ture Intermetallic Materials. 57 
pages; $1.75 per copy. 


PB 121976. Investigation of the 
Effects of Hot-Cold Work on the 
Properties of Molybdenum Alloys. 
118 pages; $3.25 per copy. 


NACA Technical Series. Hach pub- 
lication is 8 by 101% in paperbound, 
copies available from National Ad- 
visory Committee for Aeronautics 
1512 H St., N.W., Washington 25, 
D. C. 


The following Technical Notes 
are available: 


3783. Handbook of Structural Stability, Part 
3—Buckling of Curved Plates and Shells—1&%4 
pages. 

3784. Handbook of Structural Stability, Part 
4—Failure of Plates and Composite Elements 
—93 pages. 

3785. Handbook of Structural Stability, Part 
5—Compressive Strength of Fiat Stiffened 
Panels—89 pages. 

3989. Strength and Ductility of Bainitic 
Steels—32 pages. 

4023. Design and Experimental Evaluation 
of a Light-Weight ‘Turbine-Wheel Assembly— 
25 pages. 

4025. Thermodynamic Study of a Roots Com- 
pressor as a Source of High-Temperature Air— 
34 pages. 

4049. Influence of Crucible Materials on 
High-Temperature Properties of Vacuum- 
Melted Nickel-Chromium-Cobalt Alloy — 34 
pages. 

4050. Studies of Structural Failure Due to 
Acoustic Loading—111 pages. 

4051. Effects of Rapid Heating on Strength 
of Airframe Components—14 pages. 

4052. Two Factors Influencing Temperature 
Distributions and Tinermal Stresses in Struc- 
tures—13 pages. 

4053. The Combination of Thermal and Load 
Stresses for the Onset of Permanent Buckling 
in Plates—10 pages. 

4065. Tensile Properties of Inconel X Sheet 
Under Rapid Heating and Constant-Tempera- 
ture Conditions—20 pages. 

4067. Approximate Analysis of Effects of 
Large Deflections and Initial Twist on Tor- 
sional Stiffness of a Cantilever Plate Subjected 
to Thermal Stresses-—36 pages. 

4074. Compressive Stress-Strain Properties 
of 17-7 PH and AM 350 Stainless-Steel Sheet 
at Elevated Temperatures—21 pages. 

4075. Tensile Stress-Strain Properties of 17-7 
PH and AM 350 Stainless-Steel Sheet at Ele- 
vated Temperatures—16 pages. 

4088. Practical Solution of Plastic Deforma- 
tion Problems in Elastic-Plastic Range—652 
pages. 
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RELIANCE 


extends 
Totally 
Protected 
A-c. Motor 
line to 


125 HP. 





Reliance’s proven Totally 
Protected design is now being 
extended thru 125 horsepower. 


Now Totally Protected 
Motors will be available to 
you from 1 thru 125 hp. in 
new NEMA ratings. 


Immediate delivery from 
stock today, 1 to 50 hp. Con- 
tact your Reliance representa- 
tive for shipping schedules on 
other ratings. B-1873 


Write or call today RELIANCE -ncimncte 


oe e 
for further information DEPT. 2812A, CLEVELAND 17, OHIO 
CANADIAN DIVISION: WELLAND, ONTARIO 
Sales Offices and Distributors in principal cities 
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3,143 


OFERATING HOURS 
with only Minor Adjustments 


Mee 
& 


with this A OO amp. 
WISCONSIN-POWERED 
WELDER 


On-the-job service is what counts most in an 
engine. Here, for example, is a brief summary of 
a service report covering the performance of the 
Model VR4D 56 hp. Wisconsin Heavy-Duty AIR- 
COOLED Power Unit which drives the 400 
Ampere Arc Welder illustrated above: 


“Has operated exceedingly weil . . . approximately 
3143 operating hours . . . maintenance has been 
negligible after a few minor adjustments; appreciate 
fact that servicing is so simple; we are free of anti- 
freeze . . . no fooling with gadgets of water-cooled 
engines.” 

This is another typical case of outstanding service 
delivered by Wisconsin Heavy-Duty Air-Cooled 
Engines on many kinds of equipment. Basic load- 
holding High Torque, heavy-duty design and 
construction in all details, foolproof all-weather 
Air-Cooling and exclusive specialization in the 
design and manufacture of AIR-COOLED Engines 
are some of the factors that are responsible for 
Wisconsin Engine preference wherever depend- 
able, economical power is required. 





You can't do better than to specify ‘‘Wisconsin Power" for 
your equipment. Write for Wisconsin Engine Bulletin $-212. 


uguks PA WISCONSIN MOTOR CORPORATION 


FT, World's Largest Builders of Heavy-Duty Air-Cooled Engines 
MILWAUKEE 46, WISCONSIN 


” ; é 


VA 
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Spring-Locking Clevis 

Spring force is released from the locking pin of a 
safety clevis when the latch-lug engages the latch 
recess. Design facilitates the release of larger size 
clevises employing substantial spring loadings. Pin 


fo 


is free to be withdrawn from the saddle when the lug 
is rotated to align with the pass-through notches. 
During assembly of the clevis, rotation of the palm 
knob forces the locking lug up the cam surface 
(right), compressing the spring washer and' allowing 
the lug to snap into its recess. Patent 2,809,856 as- 
signed to George E. Failing Co. by Emmett L. Alex- 
ander. 


Cushioned-Action Check Valve 


Minimum flow restriction is provided by a tear- 
drop shaped poppet and contoured flow-passage walls 
in a check valve with cushioned action. Light coil 
spring biases poppet to the closed position; fluid flow 
(left to right) moves poppet to open position. Air 
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Want to SAVE up to 70% 
of heating costs on your 


phosphate coating line? 


new Parker 





Cold Bonderite System does it! 





Turn down the heat! Put most of your 
Bonderite line heat costs back in the till! 
Parker Rust Proof Company has developed 
a new Bonderite system for low temperature 
operation. 


It includes a new cold alkaline cleaner that 
works beautifully at 70° and is effective in a 
temperature range from 60° to 120°. A new 
Spra-Bonderite, specially formulated to pro- 
duce a superior coating at low temperatures, 
has been developed to work in conjunction 
with the new Parker cold cleaner. 


With the new cold Bonderite system, sav- 
ings are really sizable. Heat consumption 
in the line is cut by as much as 70%. Cost 
of the new Parker system is approximately 
equal to conventional alkali cleaners and 


phosphate coating chemicals, so the savings 
in heat are practically all velvet. It is 
estimated that on an average automobile 
body line the savings in steam costs can run 
as high as 10 to 12 cents per body; on an 
average refrigerator line 4 to 5 cents per 
cabinet. Savings in B.T.U.s can mean sav- 
ings in dollars. 


The new cold Bonderite system has been pro- 
duction-tested in mass production plants. 
Its performance has amazed the experts. 
It’s ready to go to work in your plant, 
saving you money, right now! 


Why go on paving for heat you don’t need? 
Start using Parker’s new cold Bonderite 
system. A letter or phone call will bring a 
Parker man with full, money-saving details. 





*Bonderite, Bonderlube, Parco, Parco Lubrite—Reg. U.S. Pat. Of. 


RUST PROOF COMPANY 
2193 E, MILWAUKEE, DETROIT 11, MICHIGAN 


PAR KE: 


BONDERITE and BONDERLUBE PARCO COMPOUND 
aids in cold forming rust resistant 
of metals 


TROPICAL 
heavy duty maintenance 
paints since 1883 


PARCO LUBRITE 
wear resistant for friction 
surfaces 


BONDERITE 


corrosion resistant 
paint base 
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cost-saving tips on 


SPECIAL SCREWS 


USE STANDARD SCREWS IF POSSIBLE. Save money 
by designing the job to the screw. Use specials only 
where absolutely required. 

DETERMINE YOUR APPLICATION REQUIREMENTS. 
Over-design and under-design both waste money. 


CONSULT A FASTENING SPECIALIST. Do this before 
finalizing your design. His suggestions may lead to a 
simpler, lower-cost answer. 


DON’T MAKE SPECIALS YOURSELF. It actually costs 
less to use a dependable, experienced screw manufac- 
turer. No hidden costs, no tie-up of your valuable men 
and machines. 

BUY FROM YOUR INDUSTRIAL DISTRIBUTOR. He can 
expedite delivery, provide valuable local services and 
is convenient for re-ordering. 


@ Your most dependable source for special screws is Mac-it. 
Production flexibility assures maximum quality at lowest 
cost; engineering assistance is always available; personal 
attention to each order by craftsmen means exact compliance 
with your blueprint specifications. 

For finest service and fastest delivery on orders for one 
or 100,000 “‘specials”, contact your local Mac-it distributor 
or: Mac-it Screw Division, Strong, Carlisle & Hammond, 
1392 West 3rd Street, Cleveland 13, Ohio. 





MAC-IFiic;c> <3? SCREWS 
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Noteworthy Patents 





pocketed in clearance between the end of the poppet- 
support stem and the poppet bore escapes slowly as 
valve opens and re-enters as the valve closes. Result 
is to provide a dash-pot action which stops vibration 
and chattering of the poppet on its seat. Patent 
2,809,660 assigned to Aeroquip Corp. by Alvin Louis 
Becker. 


Vibration-Absorbing Fan Mounting 

Rubber rings, bonded to formed retaining covers, 
damp out vibration transmitted from fan blades to 
hub in a compressed-rubber fan-mounting design. Be- 





























cause flexible elements are constrained against radial 
expansion during clamping (right to left), blades and 
hub are maintained in concentric alignment. Tilting 
of the fan during operation is prevented by bronze 
rings which ride on the steel hub. Patent 2,802,353 
assigned to H. A. King Co. by Thomas H. Peirce. 


Blind Fastener 


Blind fastening of materials of varying thickness 
can be accomplished by means of an expanding fast- 
ener. Comprising bolt, sleeve and nut sections (left), 


if 
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Why you should include Gyrol Fluid 
Drives in your plans for automation 


Compact, flange-mounted Type VS, Class 2 Gyrol Fluid Drive —1 to 25 hp. 


Typical Applications 
PUMPS, AGITATORS, MIXERS 


CONVEYORS, CABLE & 
ROPE MACHINERY 


FANS AND BLOWERS 
CENTRIFUGAL COMPRESSORS 
PAPER AND PRINTING MACHINERY 


TEXTILE MACHINERY 


American Blower 
products serve industry 


@ Air Conditioning, Heating, 
Ventilating Equipment 
Mechanical Draft Equipment 
Industrial Fans and Blowers 
Centrifugal Compressors 
Gjrol Fluid Drives 
Dust Collectors 
Refrigerating Machines 


December 12, 1957 


For one thing, Gyrol Fluid 
Drives provide adjustable, 
stepless speed control of driven 
machinery, using standard, 
constant-speed motors — with- 
out complicated electric cir- 
cuits or starting devices. 


Adaptable to remote, man- 
ual, or automatic speed 
control, Gyrol Fluid Drives 
are compact, self-contained 
units — requiring only the con- 
ventional flexible-coupling 
connections to the motor and 
load. They provide complete 
shock absorption, are easy to 
install in a variety of arrange- 
ments of driving to driven 
machinery. Why not call our 
nearest branch for full details 
today? 


Complete range of sizes—1 hp to 12,000 hp 


The Gyrol Fluid Drive line 
includes a complete range of 
sizes, from 1 to 12,000 hp. 
All save power through lower 
horsepower requirements. A 
minimum number of wear 
points cuts maintenance. 
And, because Gyrol Fluid 
Drives bring about reduced 
speeds and pressures, driven 
equipment lasts longer. 


Type VS, 
Class 2, sizes 
7% to 800 hp. 


American Blower Division of American-Standard, Detroit 32, Michigan 


In Canada: Canadi 





1 Sirocco products, Windsor, Ontario 


AMERICAN BLOWER 


Division of Amertcan-Standard 


QUALITY PROTECTS YOUR INVESTMENT... Amnican-Standard QUALITY IS AVAILABLE AT NO EXTRA COST 


Circle 606 on Page 19 





Noteworthy Patents 


WO}RI9m Bothers The Patient 
2 As Well As The Drilling 





the unit is inserted through a drilled hole and tight- 
ened with a screw driver to draw the nut against the 
inaccessible work surface (right). Easily disas- 
sembled, the fastener design accommodates pieces of 
widely varying thicknesses. Patent 2,805,597 assigned 
to Preferred Engineering and Research Corp by Ber- 
nard T. O'Shaughnessy. 


Two-Section Universal Joint 


Spacer and coupling arrangement interconnects two 
conventional ball-and-socket sections in a constant- 
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Scott Sound Level Meter Aids 
The S. S. ‘White Dental Mfg. Company 
To Produce a Quieter Dental Instrument 


The Noise of modern high-speed dental 
equipment can be very annoying to patients. 
White's engineers use the Scott 410-C Sound 
Level Meter in production testing of their new 
ball-bearing hand piece to insure that the noise 
of finished instruments does not exceed the | 
standard set for them. o L = —— 
velocity universal joint. Design, which utilizes stand- 
ard parts where possible, minimizes or eliminates lu- 
brication and alignment problems inherent to con- 
ventional universal-joint assemblies. Use of two ball- 
and-socket sections has advantage that each unit need 
accommodate only one-half of the total angular dis- 
placement between shafts. Patent 2,755,641 assigned 


to Chrysler Corp. by George E. Dunn. 








Completely Portable Sound 
Level Meter Helps YOU 
Design A Quieter Product 


A quiet product gives you an important sales advantage. 
H. H. Scott’s sound Level Meter, and Sound Analyzer can 
help you locate, measure and minimize noise and vibration. 
Here are important features of the Scott Sound Level 
Meter and Sound Analyzer. 


Shaft Coupling 


Transmission of rotary motion with virtually zero 
backlash is provided by a universal-joint coupling de- 
signed for low-torque applications. Unit employs a 


standards of the American Standards 
Association. 

* Sound Analyzer has Passband adjust- 
able in half octaves for more precise 
measurements. 


© Sound Level Meter is flash-light size 
weighing only 2 Ib. 7 oz. Sound analyzer 
is only 10” x 10” x 6”. 


© Extreme portability and battery power 





of these instruments makes them easy to 
set up and use in field measurements. 


© Both instruments meet all applicable 


* Sound Level Meter received the Elec- 
trical Manufacturing Award for outstand- 
ing design. 


Fill out coupon! Learn how the Scott 
Sound Meter and Analyzer can 
help you 


H. H. Scott — Dept. MD12 
385 Putnam Avenue 
Cambridge, Massachusetts 


Send me complete information on Scott Sound Level 
Meters and Analyzers and your FREE booklet 
“NOISE SIMPLIFIED.” 











flat connecting plate, which pivots on knife edges on 
the hubs, to couple the shafts. Fabricated of metal 
or of ceramic for circuit isolation, the plate can be 
riveted to the hubs, or spring-screw mounted as shown 
to give torque-limiting effect and additional 
flexibility for misaligned shafts. Patent 2,802,- 
350 assigned to Collins Radio Co. by Charles 
E. Ottaway. 


Name 


@2000000000060090098008808 


Address 


City Zone State 


Sd 
eoeeesccccecese a 
Export Telesco International, 36 W. 44th St., New York City. e 
Cable Code: TELESCOMM. id 
e 
e 
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which - 


. INDUSTRIAL 
RETAINING RING 


will do 
your job best? 


Internal, external and open-type INpusTRIAL Retaining Rings are 
available in many sizes, metals and finishes, standard and bowed. 
Let our engineering staff help you to simplify your fastening ap- 
plications and product assembly. Send your drawings, problems 
or questions for recommendations without obligation. Ask, too, 


for free catalog and samples. 


Originators of modern 
retaining ring dispensing 


INDUSTRIAL RETAINING RING COMPANY 
Dept. M12, 57 Cordier Street * 
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Irvington 11, New Jersey 





TEFLON 
SEAL 


PAT. PENDING 





Satisfaction Guaranteed Or 
Money Back TRIAL OFFER 

thread connections permanently against all 

oils, practically all known chemicals and gases; gov A Gaz 

withstand —280° to plus 500° F.; to eliminate : ; 

“overtightening’” damage and pipe dope. oO 

Thread pipe 

$10.00 Trial Offer No. 1: eight 4”, ten or fitting 

%,", eight %", ten Y2" pipe thread ja Qim into port. 

Point in 

$10.00 Trial Offer No. 2: eight 2”, ten direction. 

¥%,", four 1” pipe thread TmuQ Fittings. 





iw QT Fittings are guaranteed to seal pipe on plge 
fitting (ne SIDE 
fo seal under high pressures or vacuum; to needed). 
Available in Ye" to 2%” pipe thread sizes. il 
4 threads 
ng. desired 
Send order to 


TRU) SEAL DIVISION OI 


to complete Po 
Flick-Reedy Corp leakproof 
2006 N. Hawthorne 


assembly 
(only light 
“Miller Fluid Power’’ is also a Div. of Flick-Reedy Corp 


torque 
required). 


Melrose Park, Ill. 
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Kact 


Wouldn't a ball 


solve 
our problem? 


precision 
balis 


Right ... 

and do you realize 
it’s the least expensive 
high precision 
component available. 


How right these engineers qre, 
for the modern Hartford Ball 
is an extremely high precision 
component that costs very little 
for the myriad of important 
jobs it performs. 
For example, a 
3/16” Hartford 
high chrome al- 
loy (Standard 
Grade No. 1) 
ball costs less than cent, yet, 
it is perfectly spherical to with- 
in 29 millionths of an inch and 
with a surface finish of better 


than one micro inch, R. M. S. 


Hartford's Look Ahead Policy 
continually expands your po- 
tential use for balls through 
the development of a large 
range of sizes and grades in 
nitolad MuUlohiélelt Pm ololiseifelilelelae| 
(oT ale ME) ol-tal(o] MY. Wae) o) Mo) Mia lol ac 
ford's new technical guide to 
the selection of balls is yours 
for the asking. 


pm tholm-t 
PRECISION BALLS @ BEARINGS 


Hartford Steel Ball Co., Inc., 
93 Jefferson Avenue, W. Hartford 6, Conn. 
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For Speed Switching... 


. the Turbo-Switch keeps an electric circuit energized 
or deenergized between a range of driving unit speeds. 
An example of the precise electro-mechanical devices 
developed by Koontz-Wagner, this switch has a unique 
sealed hydraulic coupling transmitting rotation to the 
switch. Operating up to 160° F, ambient with contacts 
rated at 10 amps. at 125 or 250 volts AC this switch 
can be set to operate at any point up to 3500 rpm. Get 
full details on this and other K-W valves, solenoid 
and switch developments from: 


MANUFACTURING DIVISION 





Koonrz( VETTE 
ELECTRIC COMPANY INCORPORATED 


516 N. MICHIGAN ST. « SO'NTH BEND, INDIANA 
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Have You 
Checked Your 
Tables Lately? 


For drafting rooms Mayline offers a choice of tables with 
steel or wood base, and in several combinations. All tables 
have white, metal-edge, Basswood tops. 





Base on wood table is oak, finished golden oak. Steel base 
table is made from heavy gauge steel, with end assembly 
firmly welded, baked gray hammertone finish. 


MAYLINE 


Your dealer can give you complete information. He can also 
tell you about the very attractive prices. 


MAYLINE CO., ING = 


601 No. Commerce St., 








Sheboygan, Wisconsin 





MAYLINE 





INITAVW 
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Threaded caps for 
AN & SAE exter- 
nal threaded parts. 


PLASTIC 
Tapered parts for 
use either as a 
cap or plug. 


@ Metal or Plastic Caps or 
Plugs to protect threads, tubes, 
machined parts, reamers, 
cutters, tools. 


@ Protect against thread damage, 
dust, dirt, and moisture. 


e For inside and outside 
application. y 


All sizes. Immediate delivery. 
METAL 
Threaded plugs for 
AN or SAE inter- 
nal threaded parts. 


Clover closures are made in metal and tough 
plastic polyethylene. They are made in caps, 
plugs and special shapes to fit parts tightly, 
offering completely sealed protection during /P». Prone 
manufacture, shipping and storage. Backed by /s ; : 
years of closure experience. Write for low é 
prices and complete information. = “2 
PLASTI 


(L.T. Series) 
Non-threaded push- 
on caps for tubing, 
AN & SAE Fittings, 
reamers, etc. 


Send coupon today ! 





Gentlemen: 
Please send samples and prices of closures in 
Polyethylene (] Aluminum [) 

Name 

Address 


@f CLOVER INDUSTRIES, INC. 324.0002 5c") 


Tonawonda, N.Y 
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Designed 

and Constructed 
for Continuous 
Rugged Service 


trouble-free, economical drives 
for any speed reduction need 


Compact, precision built Abart units 
are available in a wide range of mod- 
els from fractional to 168 hp. ratings, 
ratios to 10,000 to 1. 

Worm, spur and combination gear 
models —single or double reduction 
—are supplied in 75 different types 

zs and sizes with any desired shaft 
arrangement. / 

Write today for Abart’s / 


hand pocket size speed re- NY 


ducer catalog. 


ABART GEAR and MACHINE CO. 


4821 WEST 16th STREET * CHICAGO 50, ILLINOIS 
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NUMBER OF TURNS OF VALVE HANDLE 


IMUM CONTROL 


WITH 


UM PRESSURE DROP 
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<CHEFE SERIES 
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Wo 200 300 400 
FLOW IN CUBIC FEET PER HOUR 


BAR STOCK VALVES 


This flow curve for air at 30 psi shows the excellent control 
obtainable with minimum pressure drop in Hoke’s 270 Series 
bar stock needle valves. The O-ring stem seal will pass a 
helium leak test... and there’s no packing adjustment, no 
friction even at high pressures. Self aligning stem shuts off 
tight. For hydraulic and pneumatic equipment, gas analysis, 
pilot plants, test instruments of all types. Ye” to V2” pipe 
sizes in carbon, chrome or stainless steel and brass. 


HOKE INCORPORATED 


Fluid Controi Specialists 


191 S. Dean Street, Englewood, N. J. 
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COOLING SYSTEM 
TREATMENT 


Rust and Corrosion Inhibitor 


Young 3-1-2 is a complete protective treatment 
for the cooling systems of diesel, gas and gaso- 
line internal combustion engines. It prevents rust, 
controls scale, and protects aluminum, copper, 
ferrous metals, etc., from corrosion; and non- 
metals from deterioration. 

Young 3-1-2 is furnished in pellet form, and 
since it is a mon-chromate type treatment, it is 
non-irritating to the skin. No weighing or meas- 
uring is required: 3 pellets to 1 gallon of coolant, 
2 times a year (under normal operating condi- 
tions) are recommended. 

Young 3-1-2 wil! not deteriorate with age when 
stored in a dry area. It is compatible with all 
types of standard anti-freezes. 

For further information write Dept. R307-M 








| ; Top Tube Performance can 
cost up to 40% less: 


~ ALCOA UTILITUBE 


for fuel, air, hydraulic 
and oil lines 





f ALCOA® UrTitituse, the 
coiled aluminum tube, ac- 
jy tually costs as much as 40% 
less per foot than copper tube. 
That saving becomes more impor- 4 
* tant when you realize that it comes \ 


with no sacrifice in performance and \ 


quality. You can count on ALCOA 
’ Uticiruse for dependable service in fuel, 
air, gas and hydraulic lines. Here’s why: 
LONG LENGTHS—available in eco- 
nomical lengths up to 1,000 feet. 
EASY WORKABILITY—bends eas- 
ily, work-hardens less. 
HIGH FATIGUE STRENGTH— 
stands-up well under vibration. 
CORROSION RESISTANT — resists 
most industrial atmospheres, many 
gases and liquids. 
LIGHT WEIGHT— 14 weight of cop- 
per; long lengths easier to handle. 
NO SLUDGE OR GUM—will not 
contribute to the formation of sludge 
or gum in lubricating oils, gasoline. 
AVAILABILITY — your distributor 
carries ALCOA UTILiTuBe in stock. 
FITTINGS—readily available in alu- 
minum from several manufacturers. 
Get dependable tube service for less: 
Specify Alcoa Utilitube for your 
coiled tube needs. Use the coupon to 
get complete details in the FREE 
BOOKLET, Alcoa Utilitube. 
® Registered T.M. of Aluminum Co. of America 





aan 


Fé 

] : 
_Vatcoa © 
ALUMINUM! 


ALUMINUM COMPANY OF AMERICA 
909-M Alcoa Building 
Pittsburgh 19, Pa. 


Please send me the free booklet, Alcoa Utilitube. 
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Oun RADIATOR COMPANY 
RACINE, WISCONSIN 


HEAT TRANSFER ENGINEERS 


Executive Office: Racine, Wisconsin, Plants at Racine, Wisconsin, Matteon, Iilinois 


f 





City 
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when you design ® High-Impact-Strength 


Flexible Bearings ° 
by Bushings, we Ml. ee High Temperature 


New PHOENIX “Pemester” 
High performance Phoenix ‘‘Pemester’’ 
Brush Holders and Caps are for motors 
that get the really rugged duty...new 


you design noise, e really rugged duty. 

. h t ° h k ° bate genase a —_ a —— 
strength, dimensional stability up 
VI ra 10 n, ; S 0 C () ll 400°F. and molds to close tolerances in 
: a tity .. . Available only from 
an d S h | ft -weal & iicanie tn the complete ‘‘Customized- 


Standard” line of sizes and types—or 





to your specifications. 


Custom fabrication by Bushings, Inc. Write for full information contained 


in big, new, easy-to-use Phoenix Cata- 


can assist in solving your bearing problems | log 57-L. Your copy free on request. 
Whatever you design or manufacture with moving Ez oe — oe : . a | 
parts—from small appliances to heavy earth PHOENIX ELECTRIC “MANUFACTURING CO. 


moving equipment—you can overcome excess 
noise, vibration, shaft-wear, misalignment and 4211 West Lake Street Chicago 24, Illinois 


similar problems by designing Flexible Bearings Circle 619 on Page 19 
by Bushings, Inc. IN as original equipment. 
FLEXIBLE BEARINGS are custom-fabricated to your 


specifications. With the bushing manufactured to 

fit the job, you are no longer restricted to NOW You \a bea EVEi 

limited ‘‘stock”’ sizes but have complete = 

freedom of design. CAN TAKE _- G3 = Aes, 
ANOTHER Be 





FLEXIBLE BEARINGS by Bushings, Inc. have a 
mechanical bond between the flexing medium and ' LOOK AT 


the inner and outer members. Designers can now re-con- 


FLEXIBLE BEARINGS by Bushings, Inc. are available >=? ae a 
in two types: TORSIONAL for oscillating | UL Pippy: © \ coniflex system of bevel gear 
movement; PROTECTIVE for insulating ball, : proportions which we em- 
needle and other types of bearings against load, ¥ i ploy—to minimize gear 
sudden shock, misalignment or noise transmission. 4a " mounting problems and for 
less trouble after assembly. 
If you want fast, authoritative engineering help € y C3 Costs are less by this method, 
: better finishes and smoother 
gear operations are a result, 
and because bevel gears are 
so efficient, they can now be 
° used he extensively than 
ver 

For more than 15 years aa = 
Bushi lee has custom | e can make bevel gears up 
us ngs, inc. Nas Cu wie to 3” in diameter with up to 
fabricated bearings in a — 16 diameiral pitch for such 


: products as instruments, 
wide range of metals and aniktenan | axnibesie power tools, differentials, ap- 


sizes for hundreds of MOUNTS dampen | PILLOW BLOCKS to | liances, and fishing reels. 
. vibration, permit Shaft mounting. Has - 
different manufacturers. precision leveling all Flexible Bearing sc} cn nnd 


of machines. features 
are prom pt. 


on your bearing problems, write 
Harvey G. Moore at the address below. 














Send blue prints or specs for 
prompt estimates to the special- 
ists in the Fine Pitch Field. 


— 
4358 COOLIDGE HIGHWAY + ROYAL OAK, MICHIGAN 


4608 W. Fullerton Ave. - Chicago 39, lil. 
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Versa A Val 


Give MAXIMUM Capaci 
In MINIMUM Space... 


Wi Versa solves the space problem with a truly economic valve. 
@ The overall size of the Versa ‘‘A’’ valve is only 2” high by 1” 
in diameter, yet it has the capacity of much larger valves. 
Wi Ideal for controlling cylinders, instruments and larger pilot 
valves. 

Wi Available in 1%” NPT in 2-way & 3-way types with or without 
button guard, in either normally open or closed models. 

Hi Simple to mount on equipment or can be furnished for panel 
mounting. 

HB Prices range from $4.00 to $6.50 each. 
For complete information write today for Folder #14S. 


WERSZA je 


— 
CATALOG! 
Write today 
, © for your 
VERSA PRODUCTS COMPANY INC. free copy 
ERSA| 








of Versa’s 
247 SCHOLES STREET, BROOKLYN 6, N.Y. -— Catalog #14 
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BROWNING FHP SHEAVES 


the most extensive line on the market! 


Only Browning offers you all three kinds of sheaves: Die 
Cast for light duty, low initial cost. Pressed Steel for 
sturdy, rugged service at medium price. And Cast Iron 
for heavy duty, highest quality, greatest value; with fixed 
bore or Browning’s famous interchangeable split taper 
bushing. Choose the sheave most efficient and 
economical for your every job from Browning’s 
complete range of stock sizes. 


Ask your Browning distributor 
or write us for Catalog V147. 


Circle 622 on Page 19 


Correcting 
feale-t-lilelalesl-lal a 


eofeTaligeliitare 
movement 


Conveying 
liquids, 
gases 


“e 


9° 
ty 
Rrre’y 


snecify 


Atlantic flexible metal hose is 
JOB TESTED & CERTIFIED to with- 
stand the most extreme condi- 
tions of temperature, pressure 
and rough usage. Wall thickness 
is absolutely uniform. Atlantic 
hose cannot kink, deteriorate or 
burst —and requires no 
maintenance. 


Available in steel, bronze, monel 
and various alloys of stainless 
steel with proper fittings. 

Write for Bulletin No. 500A. See 
our Catalog in Sweet’s Product 
Design File. Specialized engi- 
neering consultation available. 


ATLANTIC METAL HOSE CO 


ATLANTIC METAL HOSE 


Type BO-15 Convoluted-Size 
3/16"-12" 1.0. 


eee 
. S. 
hee : 
Type A-1 Corrugated-Size 
3/16"-4" 1. 


Type SW Corrugated-Size 
1*-20" 1.0 


INC 


318 Dyckman St., New York 34, N. Y. 
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Where kicks and scuffs 

| are routine — RIGID-tex 
Metal will take it and 
remain new looking 
always — like the kick- 
plate on this modern 
automobile door. (Pat- 
tern 1-SQ) 





Bus seat backs of 
stainless RIGID-tex 
Metal (pattern 5-WL) 
withstand kicks, scuffs— 
even knifing. Reduces 
maintenance costs. Used 
too for modesty panels, 
treads, etc. 


a miGittxke METALS 


flemee Sieh. 2 Benen, | 
69312 OHIO STREET, BUFFALO 3, N.Y. 
World-wide Distribution 
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- 4 aes divin 
ee ga? — 


” FREE SAMPLES © 


and APPLICATIONS , 
E of ata. 
| m FELT . 


e . is a 
ioe 9 
t 


*made to S.A.E. and 
Federal Govt. Specifications 


SEE HOW 
FELT 
FITS IN 


WITH YOUR 
CONTINENTAL FELT PRODUCTS 
fills hundreds parent he 
of jobs daily . rey 1 
CONTINENTAL b ap > COMPANY. inc.ises 


NEW YORK }1, N.Y 





See why 





22-26 WEST 15th STREET \ 
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DRIV-LOK STUDS 


Save.60% Fastening Time! 


@ HOLD PERMANENTLY 
@ DISASSEMBLED EASILY WITHOUT 
DAMAGE TO COMPONENT 


a 


Driv-Lok Studs 

save time and re- 

duce costs in fas- 

Quick, simple | tening name plates, 

Drill Hole and | Covers, brackets, panels, 

Orvec tion” | etc, to heavier sections 

TYPICAL and for countless other 

APPLICATIONS applications involving 

Attaching light-to-hecvy nember 
name “7 4 ° ° 

~ awd fastening. Once in- 

orin. = =A Fastening spring | stalled, Driv-Lok Studs 


struction ~ assemblies or . ‘ 
ponels control arms. will not vibrate loose 


pn, Securing | OF fall out —yet the 
pers QO Lr. erm’ | can be easily oi 
ames , covers and | withoutdamagetocom- 
closure plates. | Honents. Made in 3 head 

3 HEAD STYLES styles. Write for illus- 


‘ trated catalog sheet, 
etsy orcrier) Countersunk! prices and samples. 














(to order) (to order) 
DRIV-LOK PIN COMPANY 
715 Chauncey St. * Sycamore, Ill. 
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ELECTRONIC CONTROLS TEMPLATE 


ACTUAL SIZE 9” X 3%” 


J. 1. C. STANDARD SYMBOLS AS RECOMMENDED BY. THE JOINT 
INDUSTRIAL CONFERENCE IN MARCH 1953 
DESIGNED TO ASSIST IN THE DEPICTION OF CIRCUITS IN ELEC 
TRICALLY CONTROLLED MACHINERY AND ELECTRIC AUTOMATION 
OF PRODUCTION PROCESSES 
MADE OF .030 MATTE FINISH MATHEMATICAL QUALITY PLASTIC 
ONE OF THE MORE THAN FIFTY RAPIDESIGN TIME-SAVER TEM 
PLATES — ALL OF WHICH ARE BETTER MADE, MORE USEFUL AND 
LESSER PRICED 
$2.50 AT YOUR LOCAL DEALER 
CATALOGUE NO. 55 AVAILABLE UPON REQUEST 


RAPILJESIGN nc 


P. O. BOX 592 +. GLENDALE, CALIF 
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INST= 46 VERSE 


INSTANT — REVERSING MOTORS 
. . instantly utilize full torque capacity. 


Franklin Motors with INST-O-VERSE® apply full power 
for instant reversing in response to manual or automatic- 


ally transduced demand. 


Available to OEM in 1-Ph., 1725 r.p.m., 115 or 230 V., 
sleeve or ball bearing, NEMA or special mountings, 1/6 
through 1 H.P. Performance-proved for hi-reliability 
applications. Write for data. 


FREE COLOR FOLDER GIVES DETAILED 
OPERATING DESCRIPTION... 


Franklin Electric Co.. Ine. 
BLUFFTON, INDIANA 


PATENT 
PROTECTED 
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SPEED 
SELECTOR \ 


-SWEAVES 
VARINBUE * a 


Control Speeds on 
Variety of Machines 





Mowers and 
Tractors 


Equipment 


— Machine Tools Materials Handling 


Wide Speed Range! Low Cost Sheaves 


Speed Selector Sheaves can 2 
give your machines or equip- CATALOG fa 
ment extra wide-range speed FREE! 
control on fixed centers. Effi- WRITE 
cient, rugged, simple to use — 

low in cost! Write for Illustrated 

Bulletin. 


Yd 8 2) i om eo) | al, [om 
P.O. BOX 312-B * CHAGRIN FALLS, OHIO 


i 
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who makes long-lasting 
rubber O-rings 

of +.002” tolerance 

at low cost? 








minnesota rubber 
and gasket company 








evidence: 


in jection molded 


Minnesota Rubber O-rings are injection molded 
by the exclusive Minnesota Rubber process. 
Result is increased resistance to abrasions and 
chemical actions due to consistent, unequalled 
high density. Evidence of the greater density of 
injection molding is shown here in cross sections 
of Standard Buna N compound, .026” x .019”, 
magnified 240 diameters by University of Minn. 

In addition, Minnesota Rubber’s O-rings 
have no flash. Tolerances can be kept within 
+.002 inch. Cost? M.R. O-rings cost as little as 
ordinary O-rings! And M.R.’s 100% inspection 
and quality control save you additional money 
in replacement costs, too. 


free samples and data: 

Free samples of Minnesota 

Rubber O-rings are available together with technical informa- 
tion and installation data. 


minnesota rubber and gasket company 


Originators of modern rubber injection molding 
Dept. 806, 3630 Wooddale Ave., Minneapolis 16, Minn., WEst 9-6781 
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AQUSTRITE 


" DRAFTING CHAIR 


@ 2’ Upholstered Seat 
Theos Blaos @ No Soiled Hands Adjusting 


20’ x 28” a 
24'' x 32 @ 2-Way Adjustable Back Rest 


28'’ x 36 @ Full Swivel Seat 





Hl 
Just Right for | 
COMFORTsUTILITY*PRICE 


The AJUSTRITE CHAIR enables the user to 
quickly and easily adjust the height of the seat 
up or down to suit his individual requirements— 


new Zytel wire clamp cut 
weightin planes and missiles 


without soiling his hands 


The 2-way posture adjustment of the back rest 
assures a relaxed position free of strain and 


peop) This unique wiring clamp weighs only 0.001 ibs. for 3/16” 
San ciceaud cer unlerueoead cauiees — capacity handling 58,000 circular mils... only 0.052 Ibs. for 

2-1/2” capacity handling 8,570,000 mils. It resists fatigue in 
any position, and withstands loadings up to 50 g’s. Easy 
installation—place wire bundle between U-shaped horns; push 
down the keeper —it locks, with permanent holding power. 
Sizes range from 3/16” to 2-1/2” across the horns. 


Model 
RUC 2230 


Gray or green finish optional. 
AJUSTO EQUIPMENT CO. 
515 Conneaut Street Bowling Green, Ohio 


FREE TRIAL 


UseAJUSTRITE 
Chair or Stool for 
30 days without 
obligation. Prove 
to yourself the 
many advantages 
AJUSTRITE of- 
fers. Guaranteed 
against failure 
due to defective 
material or work- 
manship for a 
period of 10 years 


for further information request data sheet. 


DA HO TT A 


ENGINEERING INCORPORATED 


6641 Crenshaw Bivd., Los Angeles 43, California 
Circle 632 on Page 19 


Hees BIG HELP IN 
TERMINAL WIRING! 


The 
Sorrect wire 16 


«++. foany 
Height Desired 


Circle 631 on Page 19 








sorrect termina! 
every time! 


x 


VALVES 


| 





FANNING 
STRIP 


Connections are made 
through Fanning Strip, 
on bench or anywhere 
apart from barrier strip, 
and quickly slipped 
into assembly. 


% Accurate, Constant Cylinder 
Speed Control 


x Compact Rugged Design 
+« Simple, Easy Speed Selection %& For Air, Oil or Water Applications 


NUT SP t Pneu-Trol Speed Control Valves, are widely 
t ble A used in hundreds of control applications be- 
cause they combine in a short, compact body, 
a tapered fine thread needle for extremely 
accurate air or oil flow control and a floating 
retro ball check, which permits full flow in Designed for use 
the opposite direction. Retro ball floats in with Jones Barrier 
most sensitive position to its seat, requiring Terminal Strips 
only a slight differential pressure to fully agg 142 
open or close it. ‘ : as ' 

Needle design permits maximum flow ca- or © 20 ter- 
pacity in the controlled direction. Metal to minals. 
metal needle and ball seats insure long Simplifi d facili Ideri 
trouble-free service. Simple, practical “O implifies and facilitates soldering. Insures 
vaeryg Fe egg ew ae ne lee positive correct connections. Saves time. 
ng. Valve bodies machined from hex brass " 
or aluminum for 2000 psi working pressures; ideal for harness or cable assembly. 
steel and stainless steel for 5000 psi. Made in 
5 female pipe sizes—%” to %4”. ATTRACTIVE 
PRICES . . . IMMEDIATE DELIVERY. 


Write for illustrated circular and prices. 


Barrier Strip 


9-161 
: : { Fanning 
Strong construction: Brass terminals, cad- i St-ip. 


mium plated. Heavy bakelite mounting. ane ia 








EATING AVENUE + CHICAGO 51, ! basic improvement! 24 





Pneu-Trol DEVICES, INC. | So eee ae oe 
143° N K LL Seite ge ey pind : 
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—from inlet to tip 


Now the superlative Master- 
gauge is available in a wider 
range of corrosion resistant 
tubes and sockets than any 
other pressure gauge. 

Check the adjoining list. And 
remember that tube socket and 
tip are fused into one piece by 
the exclusive Marsh ‘Cono- 
weld” process. 

Marsh alone combines the 
“Conoweld”’ construction, the 
copper-clad ‘“‘Marshalloy’”’ case, 
the finer Mastergauge move- 
ment, the Marsh ‘“‘Recali- 
brator’, the new ‘‘Safecase.”’ 
Ask for data covering your spe- 
cific needs. 


SIX CHOICES 
of tubes and sockets 


4130 alloy steel tube 
with alloy steel tip and 
socket. 

403 stainless steel tube 
with alloy steel tip and 
socket. 

403 stainless steel tube 
with 416 stainless tip and 
socket. 

316 stainless steel tube 
with alloy steel tip and 
socket. 

316 stainless steel tube 
with 303 stainless tip and 
socket. 

“K’’ Monel tube with 
alloy steel tip and socket. 











MARSH INSTRUMENT CO., Soles offiliate of Jos. P. Marsh Corp. Dept. B, Skokie, III. 
Marsh Instrument & Valve Co., (Can.) Ltd. © 8407 103rd St., Edmonton, Alberta , Can. 











MICRO DIVIDER SETTER 


For Draftsmen — Lofting Engineers — Layout 
Men—Tool Makers, ATECO offers the British 
made Leytool Micro Divider Setter, 
Perfected after extensive research and ex- 
periment, this Micro Divider Setter has proved 
a@ great convenience in the precise setting 
of dividers and indispensable in drawing 
office and workship. 

Rapid accuracy to 

1/1000”. 





Lap 


Y; th t of ° 
Enables divider to be set i Wie cost  Genents, 25% 





to any measurement with 
an accuracy of 1/1000 of 
an inch. 








of diamond hardness (9.5 to 
0.8 on the Mohs scale). Pro- 
duces smooth finish on tool 
steels and the hardest carbide 
tools. High density and quan- 
tity of hard grains guarantee 
long life and even cutting 
action. 


GRITS—180, 220, 360, 500 
$8.75 each 


Reh Soest Cee we ERT 
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The QUALITY ASSEMBLY 
to thoroughly condition and 
control compressed air for 
pneumatic power tools and 
appliances. 

¢ Filters ¢ Regulates 

¢ Lubricates 

Assemblies and units supplied 
in sizes 1/4"-3g"-14"-3/,"-1" and 
2 NPF. 


The ARROW FILTER 
e Removes up to 98% 
Free Moisture 
e .001” to .002” 
Particle Removal 
e Sintered Bronze Filter 
Element 


The ARROW REGULATOR 
e Self Bleed Assures 
Accurate Contro! 
e Instantaneous Response 
e In Line Flow 


ae 


The ARROW LUBRICATOR 
¢ Mist Lubrication le 
¢ Mist Proportional to Air Flow | 
¢ Lubricates Only When : 
Equipment is in Operation 


The ARROW DRAIN TRAP 

e Fully Automatic 

¢ Operates Independent of 
Pressure 

¢ Double Sump Action to 
Protect Valve 


QUALITY PRODUCTS SINCE 1914 


Catalog and engineering data 


on req. ast. 


TOOLS, INC. 


1918 S. KOSTNER AVE. » CHICAGO 23, ILL. 
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Complete reprints of major articles now 


available from || DESIGN 


USE THIS FORM TO ORDER YOUR COPIES TODAY! 


Number Price Per 


Copy 

DIRECTORY OF MATERIALS—18th Edition $1.00 
PRODUCTION CHARACTERISTICS OF EN- 
GINEERING METALS . Bieg a ngueeda-n 
DESIGN MANUAL ON ADHESIVES....... 
NONMETALLIC GASKETS 
ADJUSTABLE SPEED DRIVES 
(Electrical, Mechanical, Hydraulic) 
ADJUSTABLE-SPEED ELECTRIC-MOTOR 
DRIVES = a 
MECHANICAL ADJUSTABLE-SPEED 
DRIVES ; rer 
SPEED REDUCERS AND GEARMOTORS.. 
INTERNAL COMBUSTION ENGINES 
DESIGN FOR FATIGUE LOADING 
WHY MACHINE PARTS FAIL 
STRESS ANALYSIS IN DESIGN 
DIMENSION CONTROL IN DESIGN 
HYDRAULIC SERVO FUNDAMENTALS 
Vol. I... . er - 
HYDRAULIC SERVO FUNDAMENTALS 
Vol. 1 .. pb ek ee 
PRECISION GEARING ; 
QUALITY CONTROL METHODS ; 
DESIGNING ELECTRONIC EQUIPMENT 
FOR MAINTAINABILITY aes 

_ MULTIPLE CIRCUIT SWITCHES ..... 
ELECTRICAL CONNECTORS ; . 
TRANSACTIONS OF THE FIRST CONFER- 
ENCE ON MECHANISMS cae eebatears 
TRANSACTIONS OF THE SECOND CON- 
FERENCE ON MECHANISMS er 
TRANSACTIONS OF THE THIRD CONFER- 
ENCE ON MECHANISMS ues 

_ MECHANISMS FOR INTERMITTENT 
MOTION ; . 
POLYDYNE CAM DESIGN 

_ EVALUATING ENGINEERS 
ENGINEERING MANAGEMENT 2.00 
MEN AND MACHINES 1.00 


MACHINE DESIGN 


Reader Service 
Penton Building 
Cleveland 13, Ohio 


Remittance or Company Purchase Order Must Be Enclosed with Order. 


1.00 
1.00 
1.00 


2.00 
1.00 
1.00 


1.00 
1.00 


1.00 
1.00 
1.00 


TOTAL COPIES 
TOTAL ORDER $ 


NAME_ 


COMPANY __ 





ADDRESS __ 





[a ZONE STATE 
(Add 3% to orders in Ohio to cover State Sales Tax) 





ENGINEERS 


AVAILABLE OR WANTED 


WANTED: Are you happy as a “member of the team”? If 
not, we suggest that you consider an opening which we 
have for a project engineer. We manufacture and sell high- 
way safety materials and equipment and need a mechanical 
engineer who has lots of ideas to work out a number of 
interesting projects that need solutions. If you feel you 
would be interested in this work and would like to parti- 
cipate as an individual in a small company of friendly 
people, we invite your inquiry into this opportunity. Wald 
Industries, Incorporated, Ask for Mr. Wald or Mr. Wilson, 
Huntingdon, Pennsylvania, Phone - 1272. 


AVAILABLE: Senior Mechanical Design Engineer for board 
work. High grade draftsmanship. Superior ability on design 
of machinery, product, power press dies, production tools. 
Originality on new developments. Any location and length 
of engagement. Address Boxholder, 202 Back Bay Postal 
Annex, Boston, Massachusetts. 


AVAILABLE: Sales Engineering, Management. Young ag- 
gressive Mechanical Engineer, (age 31) with experience in 
production supervision, equipment erection, plant engineer- 
ing. machine design and control design desires challenging 
opportunity with progressive concern. If you have need for 
ambition, capability and industry please contact for resume. 
Address Box 924, MACHINE DESIGN, Penton Bldg., Cleve- 
land 13, Ohio. 


WANTED: Chief Engineer. Machine Design. Aggressive, 
creative midwestern manufacturer of mechanical power 
transmission equipment has attractive executive position 
for practical, mechanical engineer whose ability to deliver 
can match company’s. Strong financial condition and ex- 
cellent nationwide distributive system demands that this 
publicly-owned company keep engineering “ahead of the 
parade”. The man who qualifies holds an ME degree and 
has a minimum of ten years experience in the design of 
transmissions and machinery. He should be able to justify 
a $20,000 starting salary. with usual extras. Address Box 925, 
MACHINE DESIGN, Penton Bldg., Cleveland 13, Ohio. 





Get yours 
while the supply lasts! 


MACHINE DESIGN 
“Directory of Materials” 


18th edition—the only one of its kind avail- 
able—$1.00 per copy 








MACHINE DESIGH PENTON euLDINc 
PREADER SERVICE | 


EA RARE CLEVELAND 13, O. 








MACHINE DESIGN 
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Cuno Engineering Corporation 
Cutler-Hammer, Inc. 


Dakota Engineering Inc. 


Dayton Rubber Co., The, Industrial O.E.M. 
Division . 100, 


M £ 





ing Corp 


Dodge 
Doehler-Jarvis Division of National wont 


Dow Sadie Corporation . 
Driv-Lok Pin Co. 
Duff-Norton Co. 
Durakool, Inc. 


Eagle Signal Corporation, Industrial Timers 
Division 


Eastern Industries, Inc. 


Eastman Kodak Co. 








Eaton 
Division 


Eaton Sabicea Co., Reliance Division .. 
Elastic Stop Nut Corporation of America .... 
Electric Specialty Co. 

Electro Devices, Inc., Servospeed Division . 


Electro Metallurgical Co., Division of Union 
Carbide Corporation 


Enjay Co., Inc. 
Equipment Engineering Co. 
Exact Weight Scale Co., The 


Fairbanks, Morse & Co. 
Fairfield Manufacturing Co. 
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Federal-Mogul-Bower Bearings, Inc., National 
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Foote Bros. Gear and Machine Corporation... 233 


Formica Corporation, A Subsidiary of American 
Cyanamid 


Formsprag Co. 
Franklin Electric Co., Inc. 
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Garlock Packing Co., The 


General American Transportation Corporation, 
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General Aniline & Film Corporation, Ozalid 
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General Electric Co. 86, 87, 98, 99, 212, 213, 226 


G | Motors C tion, Central Foundry 
~ Division 





General Motors Corporation, 
Division 

G | Motors C 
Gear Division 

Gits Bros. Manufacturing Co. 


Goodrich, B. F., Co., The, Aviation Products 
Division 





Goodrich Chemical, B. F., A Division of The 
B. F. Goodrich Co. 


Goodyear Tire & Rubber Co., Industrial 
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Goshen Rubber Co., Inc. 
Grace, W. R., 
Division 
Graphite Metallizing Corporation 
Gray Iron Founders’ Society, Inc. 


& Co., Polymer Chemical 
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GENERAL 
MOTORS 











...this is OPPORTUNITY! ...this is SECURITY! 


Work with AC on some of the most exciting and important General Motors offers greater security and more benefits to 
projects now under way for our armed forces — the whole employees. GM offers the widest variety of opportunities 
field of electronics and the production of electronic equip- and the chance for individuals to grow with the company 
ment for jet engines and for guided missiles. and within the company. 








...this may be FOR YOU! 


If you hold an engineering degree and have an electrical, mechanical or electronic background, please contact us. 
Check the AC product list below. There are opportunities in the engineering departments now working on any of 


these projects... or on others that are now in the research and development stage. 





Write Mr. Cecil Sundeen, Supervisor of Technical Employment, in care of ... 


AG »+e THE ELECTRONICS DIVISION OF GENERAL MOTORS 


Milwaukee 1, Wisconsin 


Afterburner Fuel Controis e« Bombing Navigational Computers e Emergency Fuel Controls e Gun-Bomb-Rocket Sights « Gyro-Accelerometers « Gyroscopes 
Inertial Guidance Systems ¢ Manifold Air Pressure Rejulators e Speed Sensitive Switches « Speed Sensors « Three-Way Selector Valves « Torquemeters 
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If stock motors 
cut machine 


EXPLOSION-PROOF TORQUE MOTOR WITH BRAKE ee 
Hesse eee ren efficiency 


see Peerless. 


Peerless builds a complete line 

of general purpose motors as 

well as hundreds of specials de- 

signed to meet specific needs. 

COMPACT DESIGN RADIAL SAW MOTOR Cer aS Senee Sey 
perience in applications of all 
types,and specialize in solving 
motor problems for design en- 
gineers who require unusual 
mountings or unusual construc- 
tion to achieve maximum ma- 
chine efficiency. Consult your 
nearby Peerless representative 
or write directly to us about any 
motor problem. We'll work with 
you to develop the one motor 
NAVY MOTOR—SPRAY-TIGHT that powers your equipment 
eeeeoeoeoeoevoeeoeoeeeeeeeeeeeeeeee best. Write for Bulletin SDA-155 

rn now. 


Single phase 
% thru 7% HP 


Polyphase 
% thru 30 HP 


ELECTRIC MOTOR DIVISION 


tHE Peeskess.Chectric coMPany 


FANS + BLOWERS + MOTORS - ELECTRONIC EQUIPMENT 
1520 W. MARKET ST + WARREN, OHIO 


SPECIAL MOUNTED VERTICAL MOTOR 
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FARVAL— 


You get automatic foolproof lubrication BR si 


Centralized 


with /vea/VAc circulating oil system f Lsbrcation 








DISCHARGE 
UNES 
TO BEARINGS 


CHECKS 


A 




















Diagram above shows components of a 
typical LUBRIVAL system—a manifolded 
group of four Progressive Dualine measur- 
ing valves at top, with lines discharging 
to eight bearings below. Other components 
indicated are variable delivery pump, high 
pressure dual filter, high-low pressure 
switch, reversing valve and oil supply 
lines. Return oil lines and reservoir indi- 
cated are. to be supplied by equipment 
builder or user. 

Or press shown at left may be seen a 
manifolded group of seven LUBRIVAL 
valves, with other system components in 
a cabinet below. Oil reservoir is located 
inside press base. 


@ The bearings of this 150-ton metal stamping press and others of KEYS TO ADEQUATE LUBRICATION— 
its type are now protected by LUBRIVAL. This new Farval system Wherever you see the familiar Dualine valve 


for circulating oil is being installed on many varied kinds of machine manifolds, dual lubricant lines and central 
pumping station, you know a machine 


2SSES, % ated machi +r equipment calling for Bip 
tools, presses, automated machines, and other equipme ! g tgp wingmetae ah, Ste te esa 


circulating oil lubrication. operated and automatic systems protect 
‘ ‘ : , ' , " , . millions of bearings. 
Employing the famous Dualine principle, LUBRIVAL delivers oil to 9 


manifolded measuring valves which feed it under pressure to the bear- 
ings. Lubricant is force-fed by positive piston displacement. Flow : 
can be regulated over a range of 10 ounces to one gallon per minute. > A 
Valves have individual sight indicators and offer a degree of installa- / V4 fF / Vi / 
tion and operational flexibility previously unknown in such devices. a 
The Farval representative near you will give you all details. Or ae 
write for Bulletin 70. The Farval Corporation, 3287 East 80th Street, 
Cleveland 4, Ohio. 
Affiliate of The Cleveland Worm & Gear Company, Industrial Worm Gearing. 

In Canada: Peacock Brothers Limited. 
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CUTLER: HAMMER] 


re ee Mark of 
Choice ofthe Oe | si — Better Machines 








THE SEYBOLD 100” FULL- 

HYDRAULIC MILL SPACER TRIMMER 

MANUFACTURED BY THE HARRIS-SEYBOLD COM- 

PANY IS EQUIPPED WITH CUTLER-HAMMER THREE-STAR 
MOTOR CONTROL AS ORIGINAL CONTROL EQUIPMENT. 


W6 VERTICAL SPINDLE 
DRILLING AND TAPPING 
MACHINE BUILT BY THE 
: BAUSH MACHINE TOOL 
§ COMPANY iS EQUIPPED WITH 
CUTLER-HAMMER THREE-STAR 
MOTOR CONTROL AND OIL- 
TIGHT PUSHBUTTONS. 


THE AMERICAN LAUNDRY MACHINERY CO. USES 
CUTLER-HAMMER THREE-STAR MOTOR CONTROL AS 
ORIGINAL EQUIPMENT FOR THEIR MARTIN DRY 
CLEANING MACHINES. 


‘ 2 
THIS REX SLUDGE COLLECTOR BUILT 
BY THE CHAIN BELT COMPANY IS 
SUPPLIED WITH CUTLER-HAMMER 
MOTOR CONTROL. 


Look to the Stars for Sattsfactiou 


Motor control equipment plays an important part assurance the electrical equipment is trustworthy. 
in the performance and dependability of modern They know it reveals the standard to which ma- 
machines. None know this better than the ma- chines are designed and built. 
chinery builders who have won positions of leader- When you buy machinery, note how often 
ship. Only superior performance can create such Cutler-Hammer Three-Star Motor Control is not 
reputations. only offered but featured by leading machinery 
Experienced machine buyers know this is true builders. Look to the Stars for satisfaction. 
and they look to motor control as a guide in making CUTLER-HAMMER, Inc., 1310 St. Paul Avenue 
their selections. They know Cutler-Hammer Three- Milwaukee 1, Wisconsin. Associate: Canadian 
Star Motor Control does much more than provide Cutler-Hammer, Ltd.. Toronto. 
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